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METHOD AND COMPOSITION FOR PROMOTING 
AND CONTROLLING GROWTH OF PLANTS 

Al igh^-epp ncatlftit Is a cunllimaiion In p a rt-n f^ 

-P Mending application entitled TOMPOSWI^»r^D 

METHOD OF TREATING PLANTS, SeHaXNo^2**7951, filed 
September 9, 1988 and^-atf^gnding application 
5 entitled METJiOD^tJF^A^PLYING faffi. CARBON SKELETON 

AND^WTTkjENT MATERIALS TO WtfWlON, Serial No. 
fT-TTled May l*r*>W- 

This invention relates to a method of treating plants 
to stimulate their growth and/or their production of 
10 edible or other useful products such as fruits, nuts, 

etc. 

Traditional plant nutrition has, to date, approached 
remedial programs through a chronological path of 
observation, tissue and/or .oil analysis, diagnosis, 
15 followed by remedy. Such an approach presupposes and 

accepts certain natural-occurring phenomena as 
limitations, the realm in which the plant must 
necessarily function: 

(1) that the plant must operate within and as 
20 such is constrained by an array of existing 

nvironmental factors such as climat and w ather, 
the atmospheric concentrati n f carbon dioxide 
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the 



(0.03%), duration «nd int niity of light, 
s a sons, limiting edaphic factors, tc. 

(2) that the plant must obey certain natural 
■tiae" frames of growth and reproduction. 

(3) that traditional irrigation, fertilitation 
and pest control strategies will express the full 
potential of a plant's growth and reproduction. 

(4) £hat the application of sone predetermined, 
deficient nutrient(s) at a specified time and rate 
will restore the plant to its pptiaal condition. 

(5) that the plant is totally resigned to 
"autotrophism" and as such wist confer, to this mode 
of growth, alone. 

An example of a current used technique to enhance 
growth and/or crop production of plants and of its 
limitations is as follows: Hitrogen added as a 
fertilizer or plant nutrient may be in the form of 
pentavalent (oxidired) nitrogen such as a nitrate or 
in the trivalent (reduced) form such as ammonia or 
urea. Assuming that the nitrogen applied to a plant 
is converted to a protein in which the nitrogen is 
trivalent, if the form of the nitrogen added is a 
nitrate it must be converted to the trivalent form 
which requires a considerable expenditure of energy 
over and above what is required if the nitrogen is 
applied in the form ammonia or urea. The energy 
required must come from tissues of the plant directly 
or through photosynthesis. This would indicate that 
the application of nitrogen as amaonia or urea would 
place 1 s. d sand upon the plant. However the 
application of nitrogen wh lly as ammonia r urea has 
or may hav disadvantages such as: 



( 
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,1) . .udd.n dr.in of both carbon .X 1 ton. and 
•n*rgy. 

(2) as • result of th. condition cr.at.d in 
No 1, • low earbohydrat.: nitrogen ratio pro.otlng 
vegetetiv. but marginal roproductlve growth. 

(3) inhibition of photo.ynth.tie .l.ctron 
transport by the aMonlim ion. 

(4) ur.a-.ediet.d d.n.turation of proteins 
through disruption of •ulfbydryl bonds. 

Another approach 1. to add a •"^"v"*" 
su,.r, directly, for exa.pl. by a foliar spray of a 
sucrose or other water soluble, "*» " 

carbohydrate. The sugar, when absorb*! into the 
leaves, will provide a source of .n.rgy vA also a 
source of carbon skeleton fro. which for .xa-pU, 
protein, can be synth..ix.d by th. plant. Thi. c« 
be. and oft.n is, • very expensive way in which to 
.pply a source of energy and of carbon .X.l.ton. 
Also if carbohydrate fractions, alone, are •«■* to 
L Plant, various »ln.r.l. would be n«d.d to 
co.pen.at. for corr.spondln, de-nd. on 
pbyslolooy. Ond.r greenhouse condition, wing 
co-plet^nutrUnt fertiliser. <«<* « *», and'. 
Solution, and a full ran,, of controlled clL.tic and 
other . viron.ent.1 factor., the oth.rwi.e .udder, 
physiological i-baLnc brought on by carbohydrate 
Loitior. alone could be -ollifi.o. 
thi. would tend to b. «nlf..t.d in increased growth 

.etual field conditions, however, 
responses. XJnder actual iw» . ;,„,., 

th... .... i.o»»fo ot 

carb hydrat . would t.nd to cr at. ffs ttlng 
phy.iclogical i^alanc. .M - »" »°* *" 
full th. pot nti.l b.n tits of th... tr at. nW. 
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It is an object f the present invent! n to provide 
inprov menta in the applicati n f nutrients and 
•n rgy sourc s t plant* especially in conaidarati n 
of highly variable adaphic and cliaatic factor*, paat 
and disease pressures and various cultural practicaa 
experienced and axarciaad in both coaaercial and 
hoae-garden faraing. Furtheraore, praaantly 
exercieed practices in coaaarcial agriculture, out of 
econoaic necessities, placa and deaand unnaturally 
productive outputs froa the plant. Additionally, all 
of auch vintage productivities are deaanded of the 
plant using traditional, natural cultural practices. 
It is no wonder then, that tamers are persistently 
witness to such aaladies of the coaaercial flora as 
alternate cycles of production, quality variations 
and shortened productive life, to naae a raw. 

It is a particular object of the invention to provide 
a aethod of stiaulating the growth of plants and/or 
the yield of crops or other useful products and to 
provide compositions which are useful in the practice 
of such aethod especially with respect to the 
aforementioned conditions which beleaguer present day 
agriculture. 

In accordance with the invention there is applied to 
plants by a suitable route, at suitable tiaes during 
growth of plants or their crops and at suitable 
intervals, a coaposition containing suitable aaounta 
and proportions of the following: 

1. Assiailable carbon akeleton/energy 
coaponent. 

2. Macronutrient coaponent. 

3. Micronutri nt coaponent. 
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fol lowing 



In th pr ferred CBN c mp sition 1 th 
additional conpon nts are all present: 

4. vitamin/cof actor component. 

5. Enhancement agent component. 

X buff er is also used to adjust the pH of the 

composition. 

Ex.» P le V below iUu.tr.te. . eo»po.itlon .o«ti»e« 
referred tc .« Brl,ht Sun. which i. ««ful In th. 
practice of the invention. 

^ftet «!.»« w»s used .took ..t.ri.1 end 
eolce of en.rov .no croon .X.l.ton. «" 
invert .uger (TSI) level «« *>™»9 ht *° 40 * "» 
Son with water. F.U«i», «• incr.di.nt. osed 
to »a)ce the molasses blend: 



M»r.ronut r tg "tS 

Nitrogen W 



Phosphorus (P) 

Potassium (K) 

Calciun (Ca) 

Magnesium (Mg) 

Sulfur (S) 



(Elemental) 

urea (0.65) 
XN03 (0.60) 
total- 1.25% 
1.5 
2.0 
2.0 
0.5 
3.5 



puree Element 
Urea, Potassium 
nitrate 

Phosphoric acid 
potassium nitrate 
Calcium gluconate 
Magnesium sulfate 
Various sulfates 



1 C BN signifies -comp n.atory balanced 



1 

I 
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Mi?rpn utrlantB 

Zinc (Zn) 

Iron (Fe) 

Manganese (Mn) 

Copper (Cu) 

Boron (B) 

Molybdenum (Mo) 



Cobalt 



(Co) 



1.0 Zinc sulfat 

1.0 F rroua sulfate 

1.0 Manganese sulfate 

0.5 Cupric sulfate 

0.02 Boric acid 

0.03 Anaoniun 

■olybdate 

0.03 Cobalt nitrate 



10 



15 



20 



ru 



Vitamins a,pfl Cof actors 
Thiamine (Bl) 

Riboflavin (B2) 
Nicotinic acid 
Pyridoxins (B6) 

Folic acid 
Biotin 

Pantothenic acid 

Cyanocobal amin 
Phosphatidylcholine 

Inositol 

Para-aainobentoic acid 



0.02 Thiamine 

hydrochloride 
0.02 Riboflavin 
0.02 Nicotinic acid 
0.02 pyridoxine 

hydrochloride 
0.02 Folic acid 
0.02 Biotin 
0.02 Pantothenic acid 

(calcium salt) 
0.02 Vitamin B12 
0.02 Lecithin 
0.02 Inositol 
0.02 PABA 



25 



30 



pnhancey ypt Agents 
Seaveed extract 



2.5% (V/V) 



Citric acid lO.Ogr/gal »ix 

Katy-J Complexing 0.5gr/gal mix 
Agent 

Xanthan gum 0.07 (v/v) 

Sugars a nA Carbon Skeleton* 
Molasses 40% (TSI) 



Seaweed extract 
(cold processed) 
Citric acid 
Katy-J 
(JJCT Corp.) 
Xanthan gum 



Beet mol' 



. 1 

( 



10 



iJ3 



IU 

S ; 
fed 1 



30 
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Phosphate buffer 0.021 Pho.phat buff r 

(pH-6) 

The most iaportant macronutrients are nitrogen, 
phosphorus, potassiua and calciua but it is preferred 
that the others also be present. The more important 
aicronutriente are tine, iron and manganese but it is 
preferred that the others also be present. 

The term "£nhanceaent Agents" used above is intended 
to include conplexing agents, guas and growth 
regulators. See the discussion below under the 
caption "Discussion of Components." 



Mixing Instructions 

While under rapid mechanical or hydraulic agitation, 
15 water and two thirds of the total molasses volume are 

mixed. The aaount of added water should represent 

approximately 15% of the molasses volume. 

Ingredients are then slowly aetered into the batch in 

the following order: 
20 1. Citric acid 

2. Katy-J Coaplexing Agent 

3. Phosphoric acid 

4. Nitrogen 

5. potassium 

25 6. Micronutrients (separately) 

7. vitaains and cof actors 

8. Seaweed extract 

9. Xanthan gum 



Hater is again added to the mix to establish a total 
Invert sugar (TSI) concentration of -40%. As the TSI 
of .class., may vary, n c a.ary w.t r volum . may 

vary accordingly. 
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As th parent .olasses .ay contain potassium 
concentration, as .uch as 2.0-7.0%, it may be 
n c ssary to oait potassium nitrate. If potassium 
nitrate is omitted, the nitrogen may be supplied in 
total by urea' (1.25%). Additionally, inositol levels 
in .classes .ay reach levels of 5,800-8,000 ppa, in 
which case this cof actor .ay be omitted as well. It 
is iaportant that the pH of the solution be 
maintained between 5.0-7.5. This latter requirement 
.ay be addressed by analyzing the dilution water 
sources and adjusting extreme deviations with 
buffers. Approximately one quart of phosphate buffer 
per hundred gallons of diluted spray .ix (i.e.. the 
"Bright Sun" diluted with water for actual spraying) 
should meet these needs. If the parent .classes has 
a pH above 7, the standard addition of citric acid 
and phosphoric acid will adjust this to a .anageable 
level (most .olasses have a pH range of between 5-8) . 

Storing the material between temperatures of 60-80 
degrees F is necessary to prolong the activity of 
ingredients. Dilutions for actual spray applications 
should try to achieve a final TSI between 4-10% 
("Bright Sun" TSI-40%) . 

The .any crops to be treated «ay vary in requirements 
with respect to specie*, season and an assortaent of 
environmental factors. It would then be necessary to 
adjust concentrations of the various Ingredients. 
Workable alternative ranges of these concentrations 
along with alternative sources are presented: 

In the above "Katy J" i» the trademark of JKT 
Corporation for a mixture of polyhydroxy organic 
acids used as a co.pl xing (ch lating) ag nt. 
Comm nting on the enhancement agents, the seav ed 
xtract supplies plant hormones which contribute to 
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r gulation f plant metabolism; the citric acid and 
Faty J ••rve as complaxing or ch lating agents and 
assist in tba tranaport/inge.tion of othar 
ingredients of the Bright Sun composition; end the 
xanthan gum function, as e thickening agent to 
•olubilize ingredient, that would otherwise 
precipitate or drop out. 

The phosphate buffer was potassium phosphate. 

Instead of, using calcium gluconate as the source of 
calcium, calciua nitrate <Ca(N0 3 ) 2 - « H 2 0) may be 
used as it is less expensive. Also it contributes to 
the nitrogen component, therefore the amount of 
potassium nitrate will be adjusted. 

Table 1 below lists alternative concentrations of the 
ingredients. It will be understood that the minimal 
concentrations indicated are not ordinarily employed, 
greater concentrations being used, each In a 
significant amount. However, in a given situation a 
particular ingredient, normally added as such, may be 
present in another ingredient, *.fl. in the water used 
to dilute the molasses or in one of the other 
ingredients. 

yxBUE 1 

K-^nntriants (Elemental) 1 *£L 

0.000001-20 

N 0.000001-20 
p 0.000001-20 
K 0.000001-20 

0.000001-20 

M 9 0.000001-20 



6 
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P 

: = 3 

1 %i 



10 



15 



20 



25 



30 



35 



Mivrpr»»*ri«"ts 

Zn 
Fe 

Nn 
Cu 
B 

Mo 

Co 

Vitamins ffl? gof actors 

Thiamine 
Riboflavin 
Nicotinic acid 
Pyridoxine* 
Folic acid 
Biotin 

Pantothenic acid 

Cyanocobalaain 

Phosphatidylcholine 

Inositol 

Para-aainobenzoic acid 

pnhance7 »»n<r *q*"ts 

Seaweed extract 
Citric acid 

Katy-J 
Xanthan gun 

Suaare a n^ £»rbon Skeletons 

Molasses 

Buffers 

Phosphate buffer 



0.000001-20 
0.000001-20 
0.000001-20 
0.000001-20 
0.000001-20 
0.000001-20 
0.000001-20 



0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 
0.000001-5 



0.000001-50 v/v 
0.000001-1,000 

gr/gal six 
0.000001-1,000 

gr/gal aix 
0.000001-5 V/v 



0.000001-80% TSI 



0.000001-5% v/v 



As stated above certain ingredients Bay contain one 
or .ore other ingredients. For example, molasses 
will often contain some one or »ore of nitrogen, 
phosphorus, potassium and calcium, also vitamin, and 
cof actors. Mot all of such ingredients are always in 
the proper form. For example, some or all of the 
nitrogen may be in the form of proteins and some f 
the calcium may be in insoluble ff ra. 



Tabla 1A sata f rth altamativa and praf rrad rangaa 
of concantrationa f ingradianta. Tha conpoaition f 
Tabla 1A ia for a concantrata or stock aolution vhich 
would ba dllutad for uaa. 



RANGE OF PROPORTIOKS 
BRIGHT SUN 

A. Carbon SJcelaton/En«rgy Co»ponant - 25.00 - 70.00% 

B. Kacronutriont Coaponant - 

Nitrogan 0.30 - 5.00% 

Phoaphoma 0.20 - 5.00% 

Potaaaiua 0.30 - 5.00% 

Calciua 0.10 - 5.00% 

Magnaslua 0.05 - 1.50% 

Sulfur 0.10 - 5.00% 

C. Kieconatelamt OgjpoMBfe^- _ <0 . 05 _ 2 / 00% 

Manganaaa 0.05 - 2.00% 

Iron 0.05 - 2.00% 

Coppar 0.01 - 0.10% 

Boron 0.004- 0.05% 

D. Co-plexing Agant^^^ ^ _ , 005 _ 0.50% 

Lignosulfonata 0.005- 1.00% 

E. Vita.ln-cof.ctor^njnt - ^ , 

Thiamin 0.001- 0.10% 

Riboflavin 0.001- 0.10% 

Nicotinic Acid 0.001- 0.10% 

Pyridoxin* 0.001- 0.10% 

Biotin o.ooi- o.io% 

Pantothanic Acid .... 0.001- 0.10% 

Cyanocobalaain ...... 0.001- 0.10% 

Pnosphatidylcholina . 0.001- 0.10% 

Inositol 0.001- 0.10% 

PABA 0.00,1- 0.10% 

F. natural Sourca of Growth Regulator ' • ■ 

* Seavaad Extract 0.025- 1.00% 

C. Hicrobial.tat, a.g. Propriooic Acid 0.005- 0.50% 

H. eua. -g. Xa*t*ai» Gua ° 0005 - °- 10% 



It i. preferred to remove .olid, that will not pass 
through a 60 ...h acra.n by passing th. CSE component 
•ucca.sively through 20, 40 and 60 .ash scraans and 
traat tha conc.ntrata or stock solution similarly for 
th. same purpoaa. Tha pH .ay range, for example, 
from 2.5 to 6.5, preferably 3.5 to 5.5. A balance of 
trivalent and pentavalent nitrogen, e.g. urea and a 
nitrate, is preferred, e.g. 20 to SO mol. ^ of 
trivalent nitrogen to 80 to 20 »ol. of pentavalant 
nitrogen. This topic (balance of trivalent and 
pentavalent nitrogen) is diseased below under that 
heading. Tha .tocX solution (end the diluted 
solution ready for application) if it is storad for a 
aubstantial length of time) is preferably stored at 
65 to 85-F. Dilution for end use Bay be to 2.5 to 
12.5 percent of CSE but preferably the dilution is to 
4.0 to 10.0% of CSE, percentages being by weight 
based on the solution. 

Alternative sources of the ingredient, are listad 
below. 

Mf?r?P tl<irlants . 
N-ammoniu» nitrate. monoammonium phosphate, ammonium 

phosphate sulfate, ammonium sulfate, ammonium 
phosphatenitrate, diammonium phosphate, 
ammoniated single superphosphate, ammoniated 
triple auperphosphate, nitric phosphates, 
ammonium chloride, aqua ammonia, ammonia- 
ammonium nitrate solutions, calcium ammonium 
nitrate, calcium nitrate, calcium cyanamide, 
.odium nitrate, urea, uraa-formaldehyde, urea- 
ammonium nitrate solution, nitrate of soda 
potash, potassium nitrate, e-ino acids, 
prot ins, nucleic acids 
P-.uperpho.phata (single, doubl and/or triple) 

phosphoric acid, a^onium P hos P hata. ammonium 
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phosphata eulfate, ammonium pho.phate nitrat , 
diammonium phoaphate, ammoniated single 
superphosphate, ammoniated single 
superphosphata, ammoniated tripla 
superphosphate, nitric phosphates, potaesium 
pyrophosphatea, sodium pyrophosphate, nuclaic 
acid phoephates 
K-potassium chloride, potassium aulfaf , potassium 

gluconate, sulfate of potaah magneeia, potaesium 
carbonata, potaa.iu. acetate, potassium citrate, 
potassium hydroxide, potassium manganate, 
potassium phosphata, potassium molybdate. 
potassium thiosulfate, potaasium *inc sulfate 
ca-calcium ammonium nitrate, calcium nitrate, calcium 
cyanamide, calcium acatata, calcium 
acetyl.alicylate, calcium borata, calcium 
borogluconate, calcium carbonata. calcium 
chloride, calcium citrate, calcium farrous 
citrate, calcium glycerophoephate, calcium 
lactate, calcium oxide, calcium pantothenate, 
calcium propionate, calcium saccharate, calcium 
sulfata, calcium tartrate 
Mg-magnesium oxida. dolomite, magna.ium acatata, 
■agnesium bensoate. magnesium bisulfate, 
.agne.ium borate. magne.iu- chlorida, magna.ium 
citrata. magne.iu. nitrata. magna.ium pho.phate, 
magnesium salicylate, magnesium sulfate 
S-ammonium sulfata, ammonium phosphate sulfata, 
calcium sulfate, potassium sulfate, magnesium 
sulfate, sulfuric acid, cobalt sulfate, 
copper sulfate, ferric sulfata, ferrous 
sulfata, sulfur, cysteine, methionine 

in-ainc oxide, ainc acetate, ainc ben.oate, ainc 
chloride, ainc citrate, ainc nitrat , ainc 
salicylate, eiram 
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Fe-farric chloride, ferric citrate, ferric fructose, 
ferric glycerophosphate, ferric nitrate, ferric 
oxld« (saccharated) , ferrous ch lor Ida, ferrous 
citrate farroua fuaarate, farroua gluconate, 
ferrous succinate 

Kn-aanganese acetate, aanganese chloride, aanganese 
nitrate, aanganese phosphate 

Cu-cupric acetate, cupric butyrate, cupric chlorate, 
cuprlc chloride, cupric citrate, cupric 
gluconate, cupric glycinate, cupric nitrate, 
cupric salicylate, cuprous acetate, cuprous 
chloride 

B-calcium borate, potassiua borohydride, borax, boron 
trioxide, potassiua borotartrate, potassiua 
tetraborate, sodiua borate, sodiua borohydride, 
sodium tetraborate 

Mo-molybdic acid, calciua aolybdate, potassiua 
aolybdate, sodiua aolybdate 

Co-cobalt ic acetate, cobaltous acetate, cobaltous 

chloride, cobaltous oxalate, cobaltous potassiua 
sulfate, cobaltous sulfate 

Vitamins and Cof actors 

Thiamine-thiamine pyrophosphate, thiaaine 

aonophosphate, thiaaine disulfide, thiaaine 
aononitrate, thiaaine phosphoric acid ester 
chloride, thiamine phosphoric acid ester 
phosphate salt, thiaaine 1,5 salt, thiaaine 
triphosphoric acid ester, thiaaine triphosphoric 
acid salt, yeast, yeast extract 

Riboflavin-riboflavin acetyl phosphate, flavin 
adenin dinucle tid , flavin adenine 
aononucl tide, riboflavin phosphat , 
y ast,. y ast xtract 

nicotinic acld-nicotinlc acid ad nine dinucleotid , 
nicotinic ecld aaid , nicotinic acid bensyl 
■tar, nicotinic ecid aonoethanolaaine salt, 
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yeaet, yaaat extract, nicotinic acid hydrazide, 
nicotinic acid hydroxaaate, nicotinic ecid-N- 
(hydroxyaethyl)aaida, nicotinic acid methyl 
•■tar, nicotinic acid ■ononuclaotida, nicotinic 

5 acid nitrila 

Pyridoxine-pyridoxal phoephate, yaaat, yaaat extract 
Folic acid-yeast, yaaat extract, folinic acid 
Biotin-biotin sulfoxide, yaaat, yeast extract, biotin 
4-anidobenzoic acid, biotin anidocaproate 

10 N-hydroxysuccini»ide ester, biotin 

6-anidoquinoline, biotin hydraiide, biotin 
■ethyl ester, d-biotin-N-hydroxysuccini»ide 
astar, biotin-aalei»ide, d-biotin p-nitrophanyl 
ester, biotin propranolal, 5-(N-biotinyl)-3 

15 aainoallyl) -uridine 5 '-triphosphate, 

biotinylatad uridine 5 '-triphosphate, 
N-e-biotinyl-lysine 
Pantothenic acid-yaaat, yeast extract, coenty»a A 
Cyanocobalanin-yeaat, yeaat extract 

20 Phosphatidylcholina-aoybean oil, eggs, bovine heart, 

bovine brain, bovine liver, 
L-a-phosphatidylcholine, B-acatyl-g-O-alkyl , 
D-a-pho»phat idylchol ine (PTCn) , 
B-acety 1-g-O-hexadecyl , 

25 DL-a-PTCh, B-acety 1-g-O-hexadacyl, L-a-PTCh, 

B-acetyl-g-0-(octadec-9-cis-enyl) , L-e-PTCh, 
B-arachidonoyl, g-stearoyl, M-PTCh, 
diarachidoyl,L-a-PTCh, dibehenoyl (dibutyroyl, 
dicaproyl, dicapryloyl, didacanoyl, dialaidbyl, 

30 12 diheptadecanoyl, dihaptanoyl) . DL-a-PTCh 

dilauroyl, L-a-PTCh di»yristoyl (dilauroyl, 
dilinoleoyl, dinonanoyl, dioleoyl, 
dipentadecon yl, dipaleitoyl, diat aroyl, 
diund canoyl, divaleroyl,B-al«id yl-a-palmitoyl, 

35 B-linolaoyl-a-pal»itoyl) DL-e-PTCh 

di-O-hexadacyl (dioleoyl, dip*l»itoyl. 
B-o-a thyl-g-O-haxad cyl, 
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B- le yl-g-O-hexadecyl, 
B-palaitoyl-g-O-hexadecyl) , D-a-PTCh 
dipalaitoyl, L-a-PTCh, B-O-aethyl-g-O-octadecyl, 
L-a-PTCh , B- (NBD-aainohexanoyl ) -g-palaitoyl , 
L-a-PTCh, B-olaoyl-g-O-palaitoyl (stearoyl) , 
L-a-PTCh, B-palaitoyl-g-oleoyl, L-a-PTCh, 
B-palBltoyl-a-(pyren 1-yl) hexanoyl, L-a-PTCh, 
B(pyren-l-yl) -decanoyl -g-palaitoyl, L-a-PTCh, 
B- (pyren-l-yl) -hexanoyl -g-palal toy 1 , L-a-PTCh, 
B-stearoyl-g-oleoyl 
Inositol-inositol aonophosphate, Inositol aacinate, 
ayo-inositol, epi-inositol, ayo-inositol 2,2' 
anhydro-2-c-hydroxyaethyl (2-c-aethylene- 
ayoinositol oxida) # D-ayo-lnositol 
1,4-bisphosphate, DL-ayo- inositol 1,2-cyclic 
aonophosphate, ayo-inositol dehydrogenase, 
ayo-inositol hexanicotinate, inositol 
hexaphosphate, ayo-inositol haxasulfata, 
ayo-inositol 2-aonophosphate, D-ayo-lnosltol 
1 -aonophosphate, DL-ayo- inositol 
1 -aonophosphate, D-ayo-lnositol triphosphata, 
scyllo-ihositol 
PABA-m-aninobenzoic acid, O-aainobenzoic acid, 
p-aainobenzoic acid butyl ester, PABA athyl 
ester, 3 -ABA athyl eater 

CPffPlwinq Agtntf 

Citric acid; Ca, X, Ha and aaaoniua llgnosulfonates, 
fulvic acid, ulaic acid, huaic acid, Katy- 
J, EOTA, EDDA, EDDHA, HEDTA, CDTA, PTPA, 
NT A. 

GivvXh Rwvlatgri 

Seaweed extract-kelp xtract, kin tin, kin tin 
ribosid , banzyladanina, s atin riboslda, 
z atin, extract of corn cockl , i * open t any 1 
adenine, dihydroz atin, indoleacetic acid. 



< 
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phenylac tic acid, ind le ethanol, 
indoleacetaldehyde, indoleacetonitrile, 
gibberellina (e..g. GA1, GA2, GA3, GA4, GA7, GA38 
•tc.) 

Xanthan gua-guar gua, gua agar, gua accroides, gun 
arable, gua carrageenan, gua daaar, gua eleai, 
gua ghatti, gua guaiac, gua karya, locust bean 
gua, gua aastic, gua pontianak, gua rosin , gua 
storax, gua tragacanth 

m^rphfaistata 

Propoionic acid, benzoic acid, aorbic acid. 



sugar-aannoYe, lactose, dextrose, arythrose, 

fructosV fijcoaaygalactoaa, glucose, gulose, 
aalteseXp^l^accharide, r » ffino "' rlbOM ' 
ribuloseTVrjjitinose, saccharose, stachyose, 
trehalose,\xylose, xylulose, adonoae, aaylose, 
arabinose, fruttose phosphate, fucose-p, 
galactoaa-p, Jlucose-p, lactose-p, aaltose-p, 
aannoaa-p, ril>osa-p, ribuloaa-p, xylose-p, 
xylulose-p, dioxyribose, corn steep liquor, 
whey, corn sujar, com syrup, aapla ayrup, grape 
•ugar, grape iyrup, beet auger, sorghua 
aolasses, canje aolasses, calciua lignosulfonate 
sugar alcohol-adoi 



aaltitol, a 
sorbitol, s 
organic acids-gl 
galactoniCj 
pyruvic acid, 
acid, citric 
oxaloacatic 
acid, fulvic 




alactitol, glucitol, 
, aannitol-p, ribitol, 

_-p, xyiitoi 

tonic acid, a-ketoglutaric acid, , 

glucarlc acid, gluconic acid, 
polygalactur nic acid, saccharic 
acid, succinic acid, aalic acid, 
cid, aspartic acid, phosphoglyceric 
acid, ulaic acid, tauaic acid 



nucleotides and bises-adenosine, adenosine-p, 
adenosine-pj(glucese, uridine, uridine-p, 
uridine-p-gAucose, thymine, thymine-p, cytokine, 
cytosine-p] ^hwos'ine , guanosine-p, 
guanosine-£«/gluJsose, guanine, guanine-p, HAOPH, 
NAOK, no* 

phosphate buffer-acetate buffer, AMP buffer, calcium 
tartrate, glycine buffer, phoaphate citrate 
buffer, trie buffer 

Of the aacronutrients listed above, the most 
important are M, P, K and Ca but this component 
preferably also includes magnesium and suli**. 

Of the aicronutrients listed above, the aost 
important are Zn, Fa and Mn, but this component 
preferably also includes the others in the list. 

Discussion of Bal ancing Trivalent 
and Pgntavalent Nitrogen. 

Both trivalent nitrogen, a.g. in the form of ammonia 
or a compound which is readily convertible to ammonia 
such as urea, and pentavalent nitrogen such as a 
nitrate are plant nutrients and sourcas of the 
aacronutrient N. Trivalent nitrogen in the form of 
ammonia or urea requires much less energy for 
assimilation than does pentavalent nitrogen in the 
form of nitrate. The reduction of nitrate to ammonia 
using NADH as an energy source requires 198 Kcal per 
gram mole and further steps in assimilation require 
appr ximataly 51 Kcal, maXing a t tal f about 249 
Kcal. If the nitrogen is added in the form f 
ammonia or urea, an nergy saving f about 198 Kcal 
w uld be accomplished. 



Whll. th. ».. of triv.Lnt nltroo.n «y -PP"' 
r.«dl.l in con..rvln, th. pl.nt<. .n.r W lo.d. th. 
.ppliction of P ur.ly r.d»c.d H for.. «y b. tar-f«l. 
It h.. b..n .nown «>.t th. r.pld ...UlUtion of 
„,oni. =.n puc. . .udd.n dr.ln of both crbon 
.Ic.l.ton. .nd .n.r W upon th. pint. In th. pr...nc. 
of .bund.nt crbohydr.t. r...rv... thi. wy not po.. 
a probl... How.v«. th. r.pldity with which 
...Lll.tlon e.n occur oft.ntl... d.pl.t.. .x .tin, 
r...rv.. to d.ng.ro«.ly low l«v.U. thi. Uttw: 
Z "looip.l .t.t. of low e.rbohydr.t.,H <C»0:H, 
r.ti. «y th.n pro-ot. hl,hly v.,.t.tlv. .nd llttl. 
r. P rod»ctiv. ,rowth. wcondly. th. — onlu. ion c.n 
Inhibit photo.ynth.tic .Lctron tr«»».l»ort 
I„ thi. l.tfr «... th.n, ..1. r.li.no. upon ^ 
for™ of a con b. .o».wh.t toxic to th. plant, U«. 
,or« c.n b. ,»ic*ly conv.rt.d wi. ur.... to ««U 
„d thu. .r. .ubj.ct to .i.il« con.id.r.tion». 
Addition.lly. h..vy conc.ntr.tion. of «r« »Y _«<*^ 
d.n.t»r. profin. by br.lOn, ^'J? 
di.ruptin, th. t.rti.ry .tructur. of th. .ol.cul.. 
H profin i. .n .n.y.. th. d.n.tur.tion proc... 
,.y pot.ntl.lly dl.rupt .» .ntir. c»c.d. of 
biochemical reaction*. 

It i. l.port.nt, th«, th.t . baune. b.tw..n th. 
P.„t.v.I.n *nd trlv.l«.t for- of 
Hinfln^d durln, .ppllctlon. to plant.. Th.^ .oil 
.„viron..nt offr. . of bu ff.rln, -u.Jo 

aicrobl.1 conv.r.i.n. of —onl. to » tr.t. .ton.. 
but th. trl .nd p.nfv.l.nt b.l«.« 1. 

1BPCrt .nt M <-»« : >£r l t -sjr \« ,v> 

or f r.bly r«no. from 10 aol* * *™ „„„„,„ 
Ll. of p.nt.v.l.nt M to .0 -.1. of triv.l«t * to 10 
"l. of £nt.v.l nt » «M «-t P»f »bly .hould .t^y 
"to", to . 50=»0 r.tio. Th. 1-port.nc 
n "*.n i. h l,ht n*» .v n nor. durlno .pplictlon. 
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of anions such as phosphates r sulfates, f r 
example, as thase r quire additional nargy utlays 
for ebsorpti n. Whan tha nutriants ara applied 
during periods of physiological stress and low 
aetabolic efficiency, then, the plant aust literally 
suffer additional stress. All such factors further 
emphasize the iaportance of a carbon skeleton/energy 
coaponent applied in conjunction as a compensatory 
factor, providing both energy and carbon skeletons 
during a critical, physiological, ebb In the life of 
the plant. y 

Discussi on of Component s 
(1) Tha Assimilable Carbon 

Skel«ton/E narav fCSE) COBPOnent 
The function of this coaponent is to suppi, carbon 
skeleton for synthesis of proteins and other plant 
aolecules and to supply energy for plant aetabolisa. 
Water soluble carbohydrates such as sucrose, 
fructose, glucose and other di- and aono-saccharides 
are suitable, aost coaaonly in the fora of aolasses 
or other byproducts of food aanufacture. 
Commercially available llgnosulfonates, discussed 
below under the heading "Coaplexing Agents," ara also 
suitable 'as a CSE source inasmuch as they coaaonly 
contain sugars. However it is not preferred to use 
lignosulfonate as a coaplete substitute for aolasses, 
soluble starch or other carbohydrate because as a 
foliar spray it has a toxic effect when employed in 
large amount. For purposes of soil amendment as in 
Example i it aay be used as a coaplete substitute 
for aolasses or other soluble carbohydrate. 

i 

(2) Th« MacromitrUnt Component 

The aacronutrients ar ssentiel to plant nutrition 
and growth, to flow ring, to flower setting, to fruit 
setting, to aaturati n, tc. Pr ferably ell of the 
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aacronutrients listed ab ve are present but for short 
periods f tiae, r where soae of than ara present in 
adequate quantity in the plants r in the soil in 
vhich the plants are located, soae say be oaitted. 

The aost iaportant aacronutrients tret N, P and X b 
The coapoaitions applied in accordance with" the 
invention aay eait Ca, 6 and Kg but preferably they 
are present. 

(3) Mierowutrient Coaoonsnt 

The aost iaportant aicronutrients are Zn, Fe and Mn. 
The others aay be oaitted but their presence is 

preferred. 

(4) Vitanin/Co f»cfcer Component 

The aost important are folic acid, biotin, 
pantothenic acid, nicotinic acid, riboflavin and 
thiamin* . Others aay be oaitted but their prasence 
is preferred. 

(5) e<™p1g*lnq Aaants 

The function of this component is to solubillta- other 
coaponents of the coaposition vhich otherwise aay 
percipitate and bacoae non-assiai labia or difficultly 
assiailabla. For axaaple, if the coaposition is 
applied as a foliar spray the water will evaporate 
during daytime resulting in an increasa of 
concentration of macro- and aicro-nutriants. At 
night soae or all of the water evaporated during the 
daytiae will be replaced by dew but during the 
daytime as concentration becoaas excessive 
precipitation aay occur. The precipitates ara non- 
assimilable or ara difficultly assiailabla so' their 
ban flcial f feet is lost. F r axaapl ir n presant 
as a aicronutri nt in the pr oence f phosphat vill 
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form an ins luble phosphate which vill pr cipitat , 
both elemente than becoming n n-assisllable. 

A complexing agant auch aa citric acid, huaic acida, 
lignosulfonate, ate. aarva to tia up iona auch aa 
iron and othar iona and pravant than froa foraing 
precipitates. Zn some cases, e.g. with EDTA, this 
complexing is by way of a proceaa of chelation. Tha 
aacronutriant or alcronutriant so complexed 
naverthalesa raaaina assimilable. 

Supplementing tha affact of; complexing or chelating 
agents as aora narrowly defined above Is tha CSE 
component. Zn an experiment, a one gallon solution 
approximating the Bright Sun formulation ot Example 1 
but without a coaplexing agent waa prepared in two 
ways. Zn one instance aolassea waa used aa in the 
formulation of Bright Sun. Zn another instance water 
was used in place of aolasses. The concentration of 
other ingredients were the same. The aaae aacro- 
nutrients, aicronutrients, vitaain/cofactor coaponent 
and a gum (Xanthan gua) were used in both instances. 
The aolasses waa preflltered through an 80 aeah sieve 
before mixing with the other ingredients to remove 
suspended solids. Each solution was stirred for 
thirty ainutes. Then each solution was filtered 
through an 80 aeah sieve. The solids remaining on 
the sieve were gently washed with tap water and the 
remaining aolids were dried at 150 T in an oven. The 
dried precipitates were weighed. 

The weight of solids from the aolasses alx was 1.30 
grams while that froa the water (no aolasses) aix waa 
6.02 grama, ach being d rived froa a gallon f 
water. 



Sine, no co.pl.xing agent wa. added in ^ 
it i. apparent that the .ola.se. had a solubili.ing 
sff.ct and inhibifd precipitation. Othar .olubla 
carbohydrate, hav. th. .a- effect. Thi. may be due 
to an incr.a.a in viscosity cau.ad by th. 
carbohydrate or it may b. dua in vhol. or in part to 
.o.a othar .ff.ct. It i. pr.f.rr.d to us. a 
coaplexing ag.nt, ..g. my-J, citric acid, husic 
acids or a ligno.ulfonate and not to r.ly aolely 
upon 'th. CSE exponent alon. for th.. purpos. of 
solubiliting or pr.v.nting pr.cipitation of othar 
component* . 

Following is a general description of th. .ethod of 
the invention following which ar. Exaapl** : to 9. 

^ nrrl 1 n... y i P tmn of tt*thod of tnf TnvtnUQ n 

Tne rational, of the .ethod of the present invntion 

say b« described as follows: 

I^rn** ^rlntlnn of Mlthofl . . 

I.pleaentation of CBN Theory require, the following 

steps : 

1. on. n.*. to dcul.t. th. unit, within 

P l.nt ti..u.. of « bypoth.tie.1, .uprior pUnt, 
(,.«., fruit., nut., .upportlv. «..»«) . »i. 
£r"lv.. th. ...l,nm- ct . dori. v.l«. to 

th. .t.nd.rd fr.. .«rW of for».tion of on. ,c« of 
„0 or profin i. .ppr.xl«t.ly 4.1 K«l on. gr- 
Tf f.t Kd. in «ny «... th. CHO. 
f. t con.tltutlon. of "v.r.X crop. ~n * J**^ 
fr . publl.h a lit r.tur . «* n th... «. 
un.v.ll.bl.. .t.nd.ra l.hor.tory .wly... »i» 
provH. th. infor..t> n n.^. ^ 
.hoot. «. win* .plrldly .M th Ir M« 
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stimated as appr xiaately 60% f the vet weight. 
These tissues ar all assigned a CHO caloric value 
as they are alaost entirely f c llulitic 
constitution. Standard procedures for est lasting 
shoot growth Is conducted by actual counting of the 
nuaber of current year shoots on a secondary 
scaffold. The nuaber of secondary scaffolds are then 
■ultiplied by the total nuaber of primary scaffolds. 
This resultant value is multiplied by the nuaber of 
shoots originally counted to obtain the total nuaber 
of nev shoots per tree (for smaller plants, the 
entire plant or a larger fraction can be counted). 
Ten of the largest sited shoots are removed and their 
vet weight determined. The average weight is 
multiplied by the total nuaber of shoots and 60% of 
this value is used as an estlaate of the shoot 
growth. Shoot growth expressed in graas is then 
■ultiplied by 4.1 Kcal to arrive at the energy value 
of these tissues. Because observations of root 
growth are difficult,, an ideal root: shoot ratio of 
0.8 is used to estimate the growth and caloric 
contribution froa the roots (i.e.. the energy value of 
shoot growth is multiplied by 0.6 to obtain the root 
growth caloric value). 

The combined caloric values of reproductive and 
support tissues now represents the estimated energy 
units within the hypothetical superior plant. 

2. The contribution of the primary aacronutrient, 
nitrogen (N) , is estimated froa protein constituents 
(calculated in No. 1 above). To estimate the 
contribution on M in proteins, the author uses a 
value of 20%, based upon the II in a typical" amino 
acid, lysine. For example, if almonds are aade up of 
40% protein, th n, n pound f almonds contains 1.9 
ounces of M (454 grass f almonds x 0.40 x 0.20 - 



36. J grans - 1.3 ounc a). The resultant value is 
doubled to account for nuclaic acids, hormon a and 
ralatad compounds which alao contain H. Thia 
quantity of K represents an estimate of tha minimal 
annual requirement of N. 

3. Quantities of H obtained in Ho. 2 abova ara 
assigned anargy of assimilation value. As 
illuatratad in tha text, approximately 249 Kcal ara 
raquirad to assimilate ona gram molecular weight of 
N. Tha natura of M sourcaa (primarily nitrata vs 
ammonia forms) may altar tha kilocalories raquirad 
for assimilation (249 Kcal raquirad to assimilata 
nitrata vs 51 Kcal for ammonia) of K. However, 
anargy of assimilation valuaa ara darivad from 
biochemical reactions leading up to the incorporating 
of N into one protein. This does not taXe into 
consideration alternate paths of transaminations 
and/or biochemical transformations. Thus, the author 
elects to utilise the energy of assimilation values 
in relation to utiliaing nitrate as a sole H source 
as this is a more realistic estimate of actual 
energies utilized by a plant in assimilating N. 

4. The sums of energy requirements calculated in 1 
and 3 above, then, represent the theoretical energy 
demand for the hypothetical superior plant one hopes 
to achieve. 

5. The solar energy harvesting capacity of the 
untreated plant is estimated. To obtain this, the 
following are necessary: 

a. atimate f leaf surface ar a in square 
a tars; the number f leav s are counted 
from a t rtiary or quat rnary scaff Id 
(•mall plants may be counted in their 
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ntirety) and multiplied by ttoa appropriat 
fact r; the t tal muaber of 1 av i la 
multiplied by the area of a typical loaf. 

b. 5.78 Einatelna of energy vill strike a 
aquara aatar in ona hour; thla la 
•quivalant to approxlaataly 250 Kcal/aquare 
mm tar/hour (not a: thia conaidara an 
average aunny suoaer day) . 

c. the author use* a 10 hour day and the 
number of equivalent aunny aunaer daya 
during the growing aeaaon of the plant. 

Total laaf aurface x total houra x 43.2 Kcal/aq. 
■eter/hour are multiplied to obtain too potentially 
harvaatabla energy. 

6. The Kcal value obtained in Ho. 5 rapreaenta the 
potential harvaatabla aoiar energy. Hovever, actual 
photoaynthatic efficiency of planta rune between 
0.51-3. 5%. Percentage deaignation ia based on the 
following table: 



f 
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Haxlmua fh tosynthetlc Ut«i f lUJor 
Plant Typti Onder Hatural Condition* 

Tvp« of Plmc Am. 1*1** bUUBl* rhftt . ** 

GAM (Cressulacian 0.3X 
•eld ■etabollea) 

Tropical, subtropical 1.0X 
mediterranean 
evergreen trees and 
shrubs; teaperete sons 
evergreen conifers 

Teaperate sons 1.25X 
deciduous trsts 
and shrubs 

Teaperate sons 2. OX 

hsrbs and C-3 
pathway crops 

Tropical grasses, 3.3X 
dicots and ssdgas 
with C-4 pathways 

* Approximate Fhotosynthatic Efficiency 
** Maxlaua Photosynthesis (mg C02/da2/hour) 

(from: V. Urcher, 1969, Photosynthetica 3:167-198) 

Thus, the value from Ho. 5 is multiplied by the 
appropriata efficiency to obtain actual barvast aolar 
anergy par aaaaon. 

7. Tba anergy demand (Ho. 4) is subtracted from the 
actual barveetable eolar energy (Ho. 6). If the 
value ie negative, this represents e deficit in 
energy which must be compensated to achieve the 
hypothetical superior plant. 

8. In most cases a deficiency of energy units will 
have to be compensated with Bright Sun applications. 
Application programing is based on the following 
criteria: 



succulents 1-4 

Scotch Pine 5-15 
/flnv* ^ylvae trial 



European beech 5*20 

(Ftfvf ivl v atlca> 



soybean 15*30 



corn or maise 35-70 
(2ftJL-SIXft) 
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arly spring growth sh uld b« ppli d as a 
4-5% TSI concantrati n 



10 



b. latar growth can ba traatad with s-10% TS2 
solutions 

c. ytha— spt e lf ie g oa l s — oi — a pr 
4?Slctata fraquancy of applications - i.fl^lf 

ona is trying to overcoaa altarnata bearing 



15 



in pistaehios it is critical 
3 'applications ara appliad 
April and aid-Nay vhan 
naxt ysar's fruit 
as a ganaral 
growth paripds^are aost demanding of snargy 
and nubrfants, follovad naxt by tha linaar 



wii; 

pralog tfnd 



it laast 
aan aarly 
s baaring 
eterained; 
log phase 



Srotth 




Tim* 



(froa: V.6. Vhalay, ital, in W. luhland, 
ad., Bncyclopadia of Plsnt Physiology, 
V lua 14, Springar-V rlag, sari in, 
pp. 71*112) 



9, Most of the carbon sk let n-energy sources such 
as sucrose and other Bright Sun constituents vlll 
have entered the plant tissues within 4 days. The 
author has observed that under spring and turner 
conditions most plants vill manifest noticeable 
growth 10*14 days following a Bright Sun application* 
These new tissues not only represent rapidly 
metabolizing centers, but their relative succulence 
in combination with this factor facilitate absorption 
of Bright Sun. Zt is known that microscopic passage 
canals, 'the ectotelchodes, provide communication 
channels with the outside environment and thus are 
avenues for absorption of compounds and elements. 
With the appropriate use of surfactants it Bay be 
possible to get materials through the stomata as 
well. Further, actively transported compounds, which 
thus require ATP, may gain additional help by the 
increased oxygen absorption induced by both "malt 
respiration" and added metabollzable energy units. 
Nonetheless, taking advantage of rapidly 
metabolizing, succulent tissues further enhances 
material absorption and this factor serves as a sound 
basis for instituting 10-14 day repeat application 
schedules. Additionally, by 10-14 days localised 
depletion of element* and/or energy may begin to 
appear. It Is necessary, then, to compensate for the 
induced Increases In metabolism by periodic 
applications of Bright Sun until the plant Is 
conditioned (about midpoint or further beyond the 
linear phase of growth) to operate for the remainder 
of the season at its Induced, higher, efficiency 
level, f The more applications per season, the more 
benefits to the plant. The following table may serve 
as an example. 2. 



. Effact f number f sprays with 10% sucrose solution 
on growth of tomato variety San Jose Extra Early 

Dry vt 

No. Sprays Mean tvt«I dry WW I ncrease , 

0 188 

1 204 16 

2 229 41 

3 238 50 
5 281 93 

10 352 163 

20 , 596 408 

Nota: duration of experiment 21 days 

(from: A.M.N. Berria, Physiologia Plantarua 13, 

1960) 

Compensation of deficient energy units is only partly 
met by a direct addition. That is, let us assume, 
for example, that a tree requires 100,000 Kcal to 
produce 25 lbs. of nuts (dry vt.) but can at most 
harvest 60,000 Kcal of sunlight during the season. 
If the biological combustion of one mole of sucrose 
yields 526 Kcal, simple division (40,000 divided by 
526 - 76 moles of sucrose) indicates a need for about 
76 moles of sucrose. At 342 grams per mole, direct 
compensation of energy, then, would require almost 59 
lbs. of sugar. Obviously, it would be far too 
difficult and expensive to add this quantity 
directly. However, if repeated applications of 
Bright Sun (5-10% TSI) were practiced at periodic 
Intervals to gradually increase the overall 
metabolic efficiency and capacity of the plant, the 
59 lbs. of sucrose energy would be added Indirectly. 
The addition of sucrose in foliar sprays, for 
exampl , is known to improv the plant in a number f 
ways: 
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1. delaying aenescence 

2. increae tha number f plaatida par call 
(Including chloroplaete and mitochondria 

3. incraaaa thylaXoid formation 

4. incraaaa thylaXoid polypeptidae 

5. Incraaaa celluloaa synthesis 

6. incraaaa tha rata and aJDOunt of organic 
acida aacratad by roots, thus improving tha 
ability to extract »ineral alementa from 
tha soil 

7. incraaaa tha rata of diffarantiation of 
calls 

8. stimulate cyclic AMP formation, thus 
ragulating intracellular metaboliem laading 
to incraaaad enryme activity ar* ovarall 
metabolic efficiency. 

* 

Additionally it la known that tha application of 
metal activatore, cof actors and coenzymes will not 
only institute activity of an ensyme but by virtue of 
tha former affect greatly accelerate the rate and 
efficiency of biochemical reactions. Growth 
promoting, plant hormones alao act in a regulatory 
capacity and aa such can act in • similar faahion. 
When a full range of factors (•• found in Bright Sun) 
are then used in applications to a plant, the 
potential voids in one or a number of related factors 
created by accelerated activity from additions of 
another are nullified. This is so because of the 
complete, balanced nature of the Bright Sun mix which 
will allow compensation of an otherviee deficient 
factor or factors. 

If, for xampla, n is abl to increas the 1 af 
surface area f the given tre by 40%, theor tically, 
the tree would be able to harv at an additional 
24,000 Kcal (60,000 Jtaal JC .40 - 24,000 Itaal) . If 



i 



) 
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th a tabolic ffici ncy of the saa tr a is iaproved 
by 30%, an additional 18,000 Kcal of harveeted energy 
would be poaaibla. Tha sua of thaaa (24,000 Kcal ♦ 
18,000 Kcal - 42,000 Kcal) or 42,000 Kcal would acre 
than coapeneate for tha daficiancy of 40,000 Kcal 
(60,000 Kcal ♦ 42,000 Kcal - 102,000 Kcal, with a 
raquiraaant of 100,000 Kcal). It ia by virtua of 
these phenoaena that a auperior plant ia producad by 
treataenta of Bright Sun without having to diractly 
conpensata an anargy daficiancy. Rathar, it ia tha 
coabinad effects of a ainuta diract addition along 
with tha all iaportant iaprovaaant in ova rail 
■etabolic afficiancy which aakes it poaaibla to 
achieve tha atatua of a auparior plant. It ia tha 
incluaion of • carbon sXele ton-energy aource in 
conjunction with additions of aacro and 
aicronutrienta, cofactora and coenzyaes, growth 
regulatora, coaplexing aganta and related factora 
that prevents a temporary anargy deficit within tha 
plant. That ia, energies of aesiailation for various 
eleaents and coapounds are coapensated froa the 
beginning of treatment and are not aet at the total 
expense of the plant 'a reserve energy sources. Thus, 
a break in aetabolic efficiency is avoided and 
increased rates of aetabolisa Induced by treataents 
are allowed to continue uniapeded. Under 
traditional aethods of plant nutrition it ia not 
uncoaaon to create a deficiency or iabalance in the 
biocheaical aachinery following treataenta with one 
or aore eleaents. 

Coapensatory Balanced nutrition avoida thaaa 
iabalancea by providing a full rang f factors at 
specific rati a d signed to proaote both growth and 
reproduction ( r growth alone, as with a apecific 
ornaa ntal, *.«..). However, final application 
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•ch duling auet correlate the benefite to the plant 
with cononic returns to th grow r. 

The macroscopic manifestations in plant* often 
translate* into characters such as increased growth, 
bud retention, fruit si«a and quality aa wall as 
aubtla expressions of tolaranca to various forms of 
environmental strata. A generalised dafinition of 
thasa banaficial factors, than, »ust eaphaeite 
balanca and tha concapts of "coapensatory balancad 
nutrition"* That is, tha addition of ona factor, 
such as nitrogan, muet take into conaidaration 
concomitant naads for anargias of aesimilation, 
carbon skeletons to accapt nitrogan, tha naad for 
cofactors and catalysts and a wida ranga of ethar 
■aero and micronutrienta. Tha anhancad rata and 
activity of a sariaa of biochaaical raactiona mat 
necessarily create teaporary atatas of deficiency or 
axceas. A •coapansatory balance" approach, however, 
takes all the myriad of factore into consideration. 
If we were to assign a relative value to these aany 
factora, however, with all else being noraal, it Is ' 
obvious that the energy load of the plant represente 
the ultimata factor of limitation. 

It ia the purpose of this patent to amphaeite theae 
concepta and to daaonstrata tha necessity of 
integrating a -coapansatory balanced nutrition" (CBN) 
of plante. Traditional plant nutrition has to data 
only addressed the need for various mineral element*. 
While reaulta may appear to be favorable the 
potentials have yet to be realised. Father, by 
addressing the additional energy requirement* and 
certain key cofactors (such aa vitamins) it ia 
posslbl to achieve growth and production which 

xceed ven tha moat balanced nutrition of mineral 

leaente. 



Summary o ff paacrlotign of Wathod 

1. Establish an optiaua and/ r d air d cr p laval 
(l.fl. tons/acra). 

2. Salact a plant of •uparior fraaawork capabla of 
•upporting the aaas and voluaa of crop nacaasary to 
aaat tha aatabliahad optiaua crop in Mo. 1 abova. 

3. Detar«ina tha anargy and nitrogan-phosphorus- 
potaasiua (HPX) ♦ calciua (Ca) ♦ aagnasiua (Mg) 
lavals naqassary to support all growth during tha 
coursa of a saason for both tha plant and crop in 
No. 1 and 2 abova (and also for an avaraga, typical 
plant). This will includa: 

a. All vagatativa growth put forth during tha 
currant saason 

1) roots 

2) shoot growth 

3) incraasas in girth (axpansiva growth) 
for past saason growth (ft. a* 

traa branch* a) 

b. All crop tissua (•..«• fruits, nuts, saads, 
ate.) 

Nota: M, P, K, Ca and Mg lavals can usually b« 
obtainad froa publishad litaratura and will 
ba axpraasad as a parcant of dry tissua 
waight; anargy lavals ara datarainad froa 
tha following: 

c. Carbohydrata (CHO), protain (Prot) and fat 
conatituants Baking up vagatativa and crop 
growth ara datarainad: 

1) CHO and Prot const ituanta ara assigned 
• valua f 4.1 Xcal/graa 

2) Pat conatltu nts ara aaaignad a valua 

f 9.3 Xcal/graa 
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d. Each gram sol cular v ight of N is assigned 
250 Kcal; P, K, Ca and Mg d not rec iv 
Xcal designations 

4. Determine the energy harvesting capacity of the 
superior plant in No. 2. 

a. Measure the total laaf surface araa of the 
plant 

b. Establish a photosynthatic efficiency level 
for the plant (l.ft. the ability to harvest 
lncidant light anergy and to convert it to 
energy within tha plant) 

c. Establish tha approximate total anergy 
harvested during tha coursa of a single 
season (froa numbers ganaratad In a and b 
above ) 

5. Determine whether or not an energy dafieit 
axlats by subtracting tha projected, total 
harvastable anargy (in 4c) froa tha total energy 
required for the optimum growth and crop (3c and 3d) 
of the superior plant. 

Note: If energy required for growth and crop (3c 
and 3d) exceeds harveatable energy (4c), a 
deficit in energy exists. 

6. Determine the energy harvesting capacity of an 
average, typical plant. 

Note: The format in No. 4 is followed. 

7. Determine the degree of energy deficit that 
exists when comparing energy d mands f r an optimum 
crop versus energy harv sting capacity f r the 
av rage, typical plant in N . 
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8. The deficit figur d in Mo. 7 r pr sents the 
immediate in-season energy deficit that must be 
accounted for to obtain the optimum crop. The 
daficit figurad in 5 rapreaenta tha energy daficit to 
ba account ad for in succeeding aaaaons onca tha 
suparior framework plant ia obtainad. 

9. Determine tha predominant for* of transl oca table 
carbohydrate in tha epecific plant aa thia provides 
tha guideline aa to what fora of carbon skeleton- 
energy eource will ba utilised in Bright Sun 2 for 
that specific plant. 

Note: This can be obtained froa either published 
literature or by use of standard laboratory 
procedures. 

10. Baaed on the specific carbon skeleton-energy 
aource eelected, the species specific Bright Sun 
foraulation ia than applied to the plant and the 
photosynthetic rata (Pr) aonitored daily for 14 days 
(via C0 2 analyxer)> the average increase in Pr 
observed then determines the frequency of 
applications of Bright Sun necessary to achieve the 
optiaua crop; the following exaaple illustrates this 
procedure — assuae a case as follows: 

(1) The plant ia only capable of harvesting 50% 
of the energy necessary to produce an 
optimum crop. 

(2) Tha saaaon is 140 days long (I.*, leading 
up to harvest) . 

(3) The observed average Pr is 300% the 
increase in Pr following each applicati n 

f Bright Sun). 



2 Bright Sun is th foraulation f Exampl 1 
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If Bright Sun w r applied v ry 14 day. (• 
total f tan applicati n.) • th r tical 
.nargy harvest would r.ault in 300% of 
noraal. 

(5) If a 50% deficit i. the beginning 
condition, tha final energy harva.t would 
.ore than .eat tha daficit by a factor of 
1.5 U.». !•* tia " " or * • ner * v **vwt*d 
than would be nece..ary to ju.t ..et tha 
needs for tha optl»u. crop) . 

(6) Theoretically 0.15 of tha opti»u» crop 
'•nargy demand would be »et with each .prey 

(total of ten .pray.). 

(7) Thu., to juat reach en energy harvest 
factor of 1.0, approximately .even .pray, 
of Bright Sun would .uffice (1.0 divided by 
0.15). 

(8) If the grower wiahea to achieve no .ore end 
no 1... than 1.0 of tha required energy 
deaand, a recommendation would be .ade for 
..van application, of Bright Sun to be 
applied every 14 day.. 

Miminl- lllr,V Itr'TBM llwiwrt 

ta oth.r -PPro.ch to th. ..thod of Urn pr..«t 
inv.ntion conc.m. period, ot phy.lolooid .tr... H» 
plants* 

Hw ,t. und.rgo porlrf. ot phy.Wo.le.l .tr... vbich 
„y h.v. .dv.r.. •«•<*. on th. pi"*.. Such .tr... 
p.riod. ..y b. d». to nor«l .«nt. .uch .. flooring 

H. r. th. *or -rbohydr.t.. incr..«. «- 
pl .c. . on th. root .y.t» of th. pl«t. 
L.in, th roof t b. « PL"* of th.lr »or».l 
eonc.nlr.tion f crhohyar.t .. Cll«t. «y .1. 
pl. y . p«t in .tr.... for «»pl.. « 

I. 1 w noml durin, th orovln, . ».n «d photo- 
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■ynthesis is thereby diminished, the plant. may have 
t draw upon th ir r serves to sustain flowering, 
flower setting or fruit a tting and aaturation. 
Pathogens such as for example v rticilliua and 
fusarium, nematodes, etc. or pasts such as sites and 
aphids aay also craate strass. For axaapla, 
verticilliua and fusariua tand to plug the vascular 
tissue of plants, thereby preventing absorption of 
water and resulting in wilting. 

Returning to noraal phenomena in which at cartain 
stages of 'noraal growth of plants, a physiological 
stress is iaposed, in the case of pistachio traas 
during setting of the nuts, those nuts which are 
generally proxiaal to the aain atea of the 
inflorescence and which ara later aora coaaonly 
abscissed aay for a tiaa draw upon the anargy 
reserves of the tree to the detriaent of the nuts in 
aore distal positions and it would be batter if the 
abscission of proxiaal nuts were expedited. 

Another example of physiological stress is typified' 
by cotton and other plants with rather aassiva, 
luxuriant canopies. Within these canopies, on hot 
days/ the ratio of oxygen to carbon dioxide increases 
due to plant aetaboliaa. If, as is the case with 
cotton, the plant is what is known as a carbon 3 
plant in which an avent in aetabolisa is the 
assiailation of carbon dioxide at the alpha carbon of 
ribulose bis phosphate, oxygen competes with carbon 
dioxide for this position via a process known as 
photorespiration. Pariods of high light, high 
temperature and concomitantly higher ratios of oxygen 
to carbon dioxide favor photorespiration. This 
results in lowered photosynthetic efficiency as wall 
as both n rgy and mass accumulation reducti na. 
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Y t anothar type f phyaiologically .tr a. may occur 
vher a fertili* r ia appliad t tha .oil or to 
foliag . Thia fartilii r, aapacially a nitrate, 
requires energy for raduction to trivalant nitrogen, 
in tha caaa of nitrate, thia ia aa »uch aa 198 Kcal 
per gram molecular weight of M. Energy is Hn 
raquirad for aa.imilation into tha plant. Vbila 
reducad forme of nitrogan (aa with ammonia or uraa 
foras) may hava lowar anargy demands for 
assimilation, tha rapidity with which thay can be 
assiailated placea a sudden demand on carbohydrates 
within the plant. Thus fertilisation, by virtue of 
sudden energy and carbohydrate deaands, may have a 
detrimental effect through this additional .tress. 

Such period of physiological stress may be detected 
by observation or by analytical methods, via 
monitoring instruments or they may be predictable on 
the basis of experience. 

It is an important aspect of tha present invention 
that, if a composition of the invention typified by 
Bright Sun or other suitable fonmlation described 
hereinabove is appliad before, at the onset of or 
even during a stress period but before irreparabla, 
unacceptable damage has been done, such application 
will stimulat. tha plant and will overcome or 
ameliorate the effects of stress. 

Examples of such stress relief are as follows: 

in Example 3 above, the application by foliar 
•praying of pistachio tree, a.si.ted in counteracting 
the infection, of the root aystams by TU flmhllM due 
to low sugar contant f tha root, owing t demands 
aade by tha plant t is rue.. 



Exa.pl* 4 illustrate* the beneficial ffcts of such 
spraying on tomat plants grown in a. gr nhoua under 
suboptiaal c nditions. 

Another exaaple of use of the invention to relieve 
•tress is with regard to the aatter of the Bass of 
foliage. The greater tha >ass of foliage and 
resultant light harvesting capacity, the greater is 
its ability to carry on photosynthesis. In 
accordance with the invention a spray of Bright Sun 
or other composition of the invention is appliad when 
it is observed that the production of anergy and aass 
has dropped or will drop based upon aonitoring of net 
photosynthetic rate and/or predictions based on 
differences between required and observed >ass and 
energy dynaaics. This infusion of the coaposition of 
the invention will resuscitate the ability of the 
plant to increase aetabolic efficiency (such as 
photosynthetic rata) thereby increasing the 
production of energy and aass. 

At critical periods, a.g. flowering, flower set, 
fruit set, fruit siting and maturation, stress »ay be 
relieved by application of the coaposition of the 
invention. The onset of such stress periods «ay be 
detected by visual observation, suppleaented by or 
substituted by analytical .sans such as the LICOR 
Photosynthesis Systea described in Exaapl* 10 with 
reference to toaato plants and sugar beets. The 
LICOR systea is an infrared analyzer used to 
determine carbon dioxide changes and to aonitor 
photosynthesis. .The HPLC aethod referred to in 
Exaaple 15 aeasured sugar levels in the root, of 
olive trees. 

Another exa.pl of benefit f the inv nti n is a 
•ituati n where a pathogen cause, str ss. 



* 



ru 



-41- 

Verticillium and fusarium colonies plug vascular 
tissue and prevant absorpti n of wat r. A plant can 
counteract th incipient inf cti n by walling off the 
pathogen through production of phenylpropanoids, 
5 phytoalexins, lignin, suberin, to name a few. The 
affective defense response requires the immediate 
production of enzymes, »-W*A and various carbon 
skeleton-energy compound*. A successful defense 
response is rate-related, depending largely upon 

10 production and placement of the vailing off compounds 

in advance of the pathogen's growth through the host. 
But where, due for example to a period of stress, the 
plant tissue is low in carbohydrates and energy, this 
walling off process is impeded. By applying the 

15 composition of the invention, for example as a foliar 

spray, the vigor of the plant is sustained and 
walling off occurs in advance of the pathogen. 

Another example is the effect of mite infestation of 
cotton plants. In California a cotton crop close to 

20 roads and subjected to a great amount of airborne 

dust and laden with mites was sprayed with a 
composition of the invention two times (2nd spray ca. 
2 weeks later) during boll maturation. No ravage by 
mites was observed whereas the field had a long 

25 history of heavy mite infestations and damage. 

Nearby cotton plants not so treated suffered from 
mite infestation and damage. Additionally the 
sprayed cotton in dust contaminated areas and 
elsewhere benefited in the following respects: It 

30 did not undergo excessive vegetative (ranX) growth, 

(oftentimes a result of e high nitrogen: carbohydrate 
ratio) which competes with partitioning of photo- 
synthates to the flowers and bolls. This excessive 
v getative growth Interferes with mechanical 

35 harv sting of cotton. N arby c tton which was not mo 

treated grew tab ight making it difficult to 



-42- 

harv st. The curr nt practice in the cotton industry 
r li • n periodic spreying with a growth r gulator 
t curtail rank grovth. H wever, following 
application, with the compositi n f tha inv nti n 
and by virtua of balancing tha physiology (low 
nitrogen carbohydrate ratio) ranX growth vas 
curtailed. An antifungal and antisenescencs affect 
of the composition of the invention was also 
observed. 

In Colorado cantelopes, beans and tomatoes were 
•prayed with the composition of the invention during 
flowering and fruit siting and saturation. In the 
case of the former two crops, untreated plants 
succumbed to heavy infections of fusarium wilt 
whereas sprayed plants remained healthy and 
productive. Untreated tomato plants senesced and 
became unproductive following the August harvest 
while plants sprayed with the cosposition of the 
invention remained healthy and productive into the 
fall months, providing an additional harvest of six 
tons per acre of tomatoes. 

It will therefore be apparent that application of the 
composition of the invention, for example by foliar 
spraying before, at the onset of or during stress 
periods is beneficial. 

The following Example. 2 to 9 will further serve to 
illustrate the invention and several different modes 
of applying the invention. 

EXAMPLE 2 - MHK™ d Tr—» 

Three successive folier sprays on almonds wexe 
utilised to help set the young fertilised nutlets. 
Each spray was spaced approximately 10-14 days apart. 
Th following mixture was used: 
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Element Concentration In Molasses Mix 

Calcium l.Ot 

Potassium 0.6% 

Sine 0.5% 

Magnesium 0.3% 

Nitrogen 0.7% 

Phosphorus 0.3% 

Manganese 0.08% 

Molybdenum 0.008% 

Iron 0.1% 

Copper , 0.02% 

Boron 0.02% 

Cobalt 0.02% 

Thiamine (Bl) 0.01% 

Riboflavin (B2) 0.01% 

Nicotinic Acid 0.01% 

Pyridoxine (B6) 0.01% 

Folic Acid 0.01% 

Biotin 0.01% 

Cobalamin (B12) 0.01% 

% invert sugars 40.00% 

The material has assisted in setting the almond crop. 
The treated blocks have never set a heavier crop in 
the 17 year history of the ranch. Additionally, as 
theorized, the use of these molasses sprays in 
conjunction with materials developed by the author 
for frost control, contributed towards protecting the 
almond crop from Incurring major damages. While the 
neighbor blocXs sustained total crop losses in excess 
of 600-800 acres, treated blocks suffered, at most, 
border damages. This protection occurred under 6-7 
continuous hours of 25-26 degrees freezing 
temperatures. 



J 
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EXAMPLE 3 - piefcMo Trees 

At pr s nt there are several problems encumb ring the 
pistachio industry: (1) v rticilliua wilt, 
(2) alternate bearing, (3) nonsplit of shells, 
5 (4) embryo abortion and blanking, (5) nut rancidity, 

and (6) shell ataining. It ia the belief of the 
author, following extensive literary, field and 
laboratory research, that these Maladies are all 
closely tied to improper plant nutrition. Por one, 
10 verticil Hub wilt is caused by an opportunistic soil- 

borne pathogen. During the period of intensive 
maturation and nut filling (July and August) the 
developing crop draws upon all available food 
reserves. Subsequently, the root system sacrifices 
15 much of its reserves and at this tiae root tip 

necrosis can be observed. These sites, then, serve 
as entry points for the pathogen. It is interesting 
to note that y. dahliae falls under the category of a 
■low sugar pathogen". That is, the organism favors 
tissues with low concentrations of sugar. 



20 



Alternate bearing and related nut quality problems * 
are closely tied to improper nutrition. The 
calculation of energy flow by the author reveals a 
deficit in carbohydrates as a primary cause for many 
25 of these maladies. 

In April the author initiated a foliar spray program 
to span the months of April through early August (a 
total of 9 sprays). The purpose was as follows: 

1. accelerate the metabolism and upgrade the 
30 overall efficiency of the physiological 

machinery; 

2. to add essential elements which not only 
contribute to goal Mo. 1, but accounts for 
and a ate the incr ased demands for th se 

35 elements; 



I 
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3. to add nergy units and carbon slcelet ns 
directly; 

4. accelarata abortion of daf ctiv nuta at an 
early stage, thereby 1 aving th availabl 
elemental and anargy raaarvaa to parfactly 
formed healthy nuts; 

5. by virtua of Mo. 4, thin tha axiating crop 
and dietribute tha anargy pull of 
developing nuta over a broader surface; 

6. to induce immediate and axtensive shoot 
jgrovth which would give riae to the 
following year's fruit buda (note: ahoot 
growth and bud differentiation must be 
completed between the abort apan of two 

O 15 months, April and May; without it the 

following year's crop ia loat) ; and 
g 7. to mitigate further infection* of 

j verticilliun wilt by improving the health 

\f, of the root ays tarn (note: not only doaa a 

relatively higher sugar concentration in 
the root tissue alone reduce the chances 
for fungal infection but the enhanced rate 
of root growth allows root tips to 
literally escape infection aa well). 



20 
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25 Reaults of thia test thus far are aa predicted. 

Shoot and leaf growth is sxtensive, meaauring 
anywhere from two to five tisea the growth sean in 
neighboring untreated blocks. Defective nuts were 
aborted 10-14 daya in advance of untreated blocks. 

30 Shoot growth and concomitant differentiated fruit 

buda appear very healthy (one can detect thia latter 
condition by observing the site and firsneaa of the 
buds). In neighboring untreated blocks many of tha 
fruit buds have abscieed, whereas this ia not the 

35 caea in tr atad blocke. The f rmulati ns, 
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concentrations and pertinent information cov ring 
these tr atnents are aa follows: 



vi Concentration in Molasses 


Nitrogen 


m «k av 

1*2% 


Phosphorus 


1.0% 


Potassium 


a * e^ 

3.6% 


Calcium 


1.1% 


Zinc 


0.5% 


Magnesium 


0.3% 


Manganese * 


0.2% 


Molybdenum 


0.01% 


Iron 


0.3% 


Copper 


0.025% 


Boron 


0.02% 


Cobalt 


0.02% 


Thiamine (Bl) 


0.005% 


Riboflavin (B2) 


0.005% 


Nicotinic Acid 


0.005% 


Paraainobenzoic Acid (PABA) 


0.005% 


Pyridoxine (B6) 


0.005% 


Folic Acid 


0.005% 


Inositol 


0.005% 


Biotin 


0.005% 


Cobalamin (B12) 


0.005% 


Katy-J Conplexing Agent 


0.5 graaa/acr* 


Citric Acid 


10.0 graaa/acr* 


% invert sugars 


40.0% 



First two sprays - 

40 gpa, 4.0 gpa ■olasses »ix, 2.0 «ph ground 
speed; alectrostatic sprayers with 100% delivery 
fron aiddle three nozzles and 50% delivery fro» 
bottos and top nozzles (note: there are five 
nozzles per half side of sprayer). 



R maining seven sprays - 

40 gpa, 8.0 gpa molasses nix, 2.0 aph gr und 
speed,* lectrostatic sprayers with 100% deliv ry 
fron aiddle three nozzles and 501 d livery froa 
bottom and top nozzles. 

EXAMPLE 4 - Craanhouse Experiment 

A greenhouse experiaent was established to further 
test the feasibility of aolasees foliar sprays above 
and in conjunction with the coaplexing agent, Katy-J. 
Chile peppers and "Ace" tonato plants of equal size 
and age were selected (two per treatment ) and potted. 
One set received twice weekly treataenta of 1:9 
dilution of aolasses: water (of the sane blend used in 
pistachio sprays). A second set received the aaae in 
combination with one gram per gallon (of aolasses 
aix) of Katy-J Coaplexing Agent. The plants were 
placed on the lower deck of a greenhouse table to 
provide shading of all test plants. This was done to 
provide a suboptiaal environmental condition which 
would assist in accelerating the expression of any 
differences as a result of treatments. 

To date the tomato and pepper plants sprayed with 
molasses alone are about 25% larger and those with 
the added Katy-J Coaplexing Agent up to 50% larger 
than control plants. The author feels that Katy-J ia 
an important ingredient in these applications. The 
complex array and quantity of coapounds not only 
added to but also found in the parent aolassea 
necessitates a coaplexing agent of superior 
capabilities. An acid test is the ability of Katy-J 
to keep the aetal elements in solution in the 
presence of phosphorus and calcium. The agent allova 
drying of the foliar spray on the leaf surfaca in a 
state which can later be rehydrated with ataospheric 
moisture, th r by ext nding th period f affective 
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absorpti n. Further data and photograph* on these 
gr enhouse t ste are forthcoming. 

EXAMPLE 5 - Applica tion *° Pol lan 

Prafarrad Method For Fraparing 

■ pyppp. BUM POLLEN" 

Cloaad blossoms ara collected aechanically uaing a 
standard shaker-catch fraaa unit. Blossoas ara 
immediately placad through a low rpa shredder, the 
cutting teath of which ara replaced by two parallel 
cylinder* revolving inward to direct the flow of 
product. 'Cylinders are equipped with sheet »etal 
screws (flat tipped with spiral groove on abaft) 
which extend froa the inside of the cylinder wall to 
the periphery. The axis of the sheet metal screws 
pass directly through and are perpendicular to the 
central axis of the revolving cylinder. It ia tbe 
gentle flailing by these teeth which dislodge »ature 
anthers froa the blossoas. A shaking deck and two 
levels of catch fraaes (one, a coarse five-aesh 
screen, the other a solid tin fraae) provide a 
preliminary separation of anthers froa expended 
blossoas. Anthers are further separated froa 
extraneous aateriais through a shaking deck with 
three levels: (1) top, a ten-aesh stainless steel 
acreen (sss) t 4*2) »iddle, 20-aesh sss; and 
(3) bottoa, a solid fraae. Staaens and larger pieces 
are reaoved by the upper screen. Viable anthers fall 
through the first screen and are caught on the second 
level. nonviable dehisced anthers, duat and finer 
extraneous materials are caught on the lower fraae. 
The action of the deck action carries product 
forward. The exit port of each level is staggered to 
deposit the three classes of material into separate 
containers. 



. /■ 1 

-49- 

Pure anth re are then dri d on racks lined with fin 
mesh, br athable nylon fabric. A second method f r 
drying, dev loped by the auth r involve* the use of 
•1 wly rev lving perforated cylinder*. Anther* ar 
placed into a cylindrical 225-mesh nylon sock, vhich 
is cut to fit exactly into the inner diameter and 
length of the cylinder. A gentle stream of 
chemically filtered air is directed on the revolving 
cylinder, which along with the gentle tumbling 
action, facilitate drying. All drying is done in a 
dehumidified room with temperatures maintained 
between 18-25 degrees C. An exhaust system, coupled 
with an air recirculating system keeps a constant, 
directed mass flow of air through the building. All 
recirculated air is purifiad with permanganate 
filters which removes harmful concentration* of 
ethylene and aromatic* . Drying is completed whan 
pollen reaches 8-10% moisture. This occurs within 24 
hours. The pollen and anthers are then placed on the 
separating table to further refine the product down 
to pure pollen grains. for most Prunus and Pyrus 
species, this i* accomplished using a 200-mesh 
stainless eteel *creen supported by expanded metal. 
A gentle rubbing dislodges 95-100% of the pollen 
grains which fall to a catch frame. This pure 
pollen is either used immediately, placed under 
short-term storage (0 degrees C) , or placed under 
long-term storage (-85 degrees C). Poll«n is placed 
in double, vacuum, heat-sealed plastic bags before 
storage. 

Before being distributed out to the field, the "mild- 
mannered" pollen grains are processed as follows to 
attain the level of "SUPER SUN POLLEN"* 



-so 



P lien grains 
Powd red sugar 
Katy-J Complexing 

Agant 
Calcium gluconate 

Yeast extract 



proportion 
1.0 part 

10.0 parts 
0.2 part 

1.0 part 

1.0 part 



fiojlECfi 
respective species 
powdered sugar 

Katy-J (JXT Corp.) 

calcium gluconate 

powder 
yeast extract 



p r ^ a dur«« f ffT Mtvtno "STTPKR MTU POLLEH" 
One part of freshly-processed (or recently removed 
from cold storage) pollen is first mixed with Katy-J 
to coat the individual grains. One part each of 
calcium gluconate powder and yeast extract sre then 
added and likewise agitated (shaken in a large, heat 
scalable bag) to coat pollen grains. Ten parts of 
powdered sugar are blended to complete th- pollen 
mix. The finished product should be immediately 
vacuum, heat sealed (plastic bag) and kept cold mt 
about 0 degrees C until use. -SUPER SUN POLISH- is 
either applied to pollen inserts, sprinkled into the 
hive and/or applied by aircraft. 



Alternate Proportion* 

item Proportion 
Pollen grains 
Powdered sugar 
Katy-J 

Calcium gluconate 
Yeast extract 



1-10 parts 
1-100 parts 
0.000001-10 parts 
0.000001-100 parts 
0.000001-100 parts 



Alternate Sources 

Katy-J: Katy-J-EDTA mix. lignosulfonates, fulvlc 
acid, ulmic acid, humic scid, hymatomelanic 

acid, 1 onardit , citric acid, ieocitric scid, 
EDTA, BDDA, B00HA, BCTA, HEDTA, CDTA, DTP A, BTA 




Calciua gluconat : calciua (ca) ac tate, ca 
carbonate, ca cyclaaate, ca glyc rophosphat , ca 
b ptagluc nat , ca i n phor , ca-aagnesiu«, 
c*-phosphate, ca-succinate, ca-tartrate, ca aulfat 
Yeast extract: thiaaine, riboflavin, nicotinic acid, 
pyridoxin*, folic acid, biotin, pantothenic 
acid, cyanocobalaain, phoaphatidylcholina, PABA 
(sea vitaain and cofactor eection for pravioua 
■Bright Sun" »ix) 



10 T««t wau^ta 

1.5% water agar (va) patri plataa (five each) vara 

nade up as follows: 
A - 1.5% wa 

B - 1.5% wa + 10% sugar 
15 c - 1.5% wa ♦ 0.5% calciua gluconate 

D - 1.5% wa 4 0.5% yeast extract (cold filtered) 
E - 1.5% wa ♦ 10% sug ♦ 0.5% ca glue + 0.5% 
y axt 

Freshly processed pollen grains were lightly 
20 sprinkled atop each plate and Incubated in the dark 

for 24 hours. Pollen tube growth was recorded, 
assigning the A treataent (1.5% water agar, alone) a 
value of 1 and all others a relative numerical value 
thereto. 

25 plication 

Traataant 12 1 A * 

A 11111 

B 19 21 18 21 21 

C 7 6 7 5 • 

30 D 5 6 3 • » 

E 23 25 23 14 22 

/ 

All blocks on which •SUPER SUN POLLEN" was used show 
an av rage crop stiaate f 2,200 lbs./acra or 
bett r. In soa blocks this stiaate is clos to 



1 



r * 
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3,000 lbs. /acre or better. Untr ated blocks show 
averag cr p estimates all below 2,000 lbs. /acre, it 
is also v ry pertin nt that th traat d blocks are 
carrying the heaviest crop in all tha 17 yaar history 
of tha orchards. 

For purposes of aerial application of Super 8un 
Pollen it is preferred to use a formulation as 
follows: 



Pollen grains l - 10 parts 

Powdered sugar 10 - 10,000 parts 

Katy-J or calciua lignosulfonate 0.001 - 10 parts 
Calcium gluconate 0.001 - 100 parts 

Yeast extract 0.001 - 100 parts 

A typical analysis of yeast extract is as follows. 
As will be seen it is a source of sacronutrients and 
sicronutrients. 

EXAMPLE * - Pest pUruptant 

pyvel Oranoev orn Disruntant. "ASWPER" 
Many insect species are directed to hosts and 
specific host tissues via olfactory stimuli. The 
aated female navel orangeworm ( Amyelols translte ll n 
Walker) , for example, is attracted to previous year's 
nuts hanging in the tree (in the spring months) and 
to the mature nuts. The previous year's nuts or 
"Mummies" which are infested with navel orangeworm(s) 
(NOW) or other insect larval species (ft.fl. peach twig 
borer) are especially attractive to sated females for 
egg deposition sites. 

It has been found that certain fatty acid fractions 
or crop oils are the key agents of attraction. 
Por most among th s ar th unsaturated fatty acids, 
linolenic, linol ic and oleic, the latter being most 



( 
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attractive f the three. Crude, unrefin d nut and 
v getabl oils and tha ecidulat d f rai of thea oila 
are xc 11 ant aourcaa of ol ie acid. 

During the periods of HOW flight, it may be possible 
to disrupt the host finding ability of mated females. 
Thie is accomplished by permeating the crop 
environment with attractanta that sake it virtually 
impossible for the female to home in on the host 
tissue (a). Theoretically, it would be possible to 
halt a generation and avoid extensive damages to the 
crop. 

In March, 1988, the author conducted several studies 
on the attractability of various candidate compounds. 
A two-fold goal was to locate a potent attractant oil 
and a compound that could be used as a nutrient (with 
comparable attraction and/or which would not nullify 
the effects of the oil). Black sticky traps were 
baited with various compounds and placed into 
orchards having previous histories of heavy HOW 
infestations. The number of eggs and moths were' 
recorded for two weeks. The various compounds were 
as follows: The number of eggs indicates the 
relative potency of the compounds as attractant. 



Bali 


E991 


HOW bait (bran meal) 


23 


Soybean meal 


34 


10% Bright Bun 


34 


51 Crude corn oil 


61 


Infested mummy nuts (almonds) 


7 


10% Bright Sun ♦ 


58 


5% Crude corn oil 

/ 
/ 





Wind tunnel studies: 200 mated f males w r r leased 
downwind from the bait in a confin d ar a, 
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30'xl0'x8'; ach compound was t st d s parat ly f r 
48 hours ach. 

fiftit ranales trapped 

5% Crude corn oil 47 
Bright Sun 23 

Infested aumay nuts (alaonds) 21 



Preferred Method for M aking ■ASUNDER" 



Item 

Bright Sun 
Crude alaond oil 
Eaulsifier 



Concentration 
55% v/v 
40% V/V 
5% V/V 



£2tt£££ 
Bright Sun 
Crude alaond oil 
Triton X-363M 



Alternate Concentration 

Item 
Bright Sun 
Crude alaond oil 
Emulsifier 



Concentration 
0.000001-75% V/V 
0.000001-75% V/V 
0.000001-20% V/v 



Alternate Sources 

Bright Sun: see alternative aixes In aethoda for 
preparing Bright Sun. 

Crude alaond oil: crude (cd) com oil, od cottonseed 
oil, cd pecan oil, cd sunflower oil, cd walnut 
oil, cd filbert oil, cd saf flower oil, cd olive 
oil, cd peanut oil, acidulated (ad) alaond oil, 
ad peanut oil, ad olive oil, ad saf flower oil, 
ad cottonseed oil, ad pecan oil, ad sunflower 
oil, ad walnut oil, ad peanut oil, oleic acid, 
linolenic acid, linoleic acid, stearic acid, 
palaitic acid, ayrlstic acid, oleic acid, lauric 
acid. 

Triton X-363M: Bos, Wettal, Pluronic, Plurafac, 
Iconol, JQ arfac, Pluraflo, Araix, Araul, Floao, 
Alipal, Blanc 1, Baulphogene, Eaulphor, Cafac, 
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Ig pal, Daxad, Agriaul, Hy nic, Hon lan, 
Nopalcol, Atlox, Atph s, Atplus, Atsurf, Brij, 
Myrj, Renex, Span, Tween, Coapex, P etilis r, 
Toximul, Surfonic, T-Det, T-Nuls, unimula, 
Upanals, Sponto, Atplua 300 T, Lecithin. 

Maid Test 

In May, 1988, tha author conductad a large scale 

fiald taat. Aerial applications vara split with one 

half of tha schsdulad volume par acra applied on 

alternate passes. Two weeks later the remainder of 

the materials ware applied to the rest of the fields. 

During this period and through thraa weeks into June, 

1988, NOW females and eggs were trapped at random 

locations throughout the treated and untreated 

blocks. There were 17 trapa altogether (both egg 

traps and moth sticky traps). The results ere 

summarized in the following table: 

Maxima No. Maxima Mo. 
_ . Egg* for Moths for 

Treatment PI)* weeK one we* 

Control 134 16 

"ASUNDER" 23 1 



Note: Control figures represent the readings from 
five trapa; ASUNDER readings . were taken 
from 12 traps; all trapping figures 
represent the maximum catches for one week 
over a duration of seven weeks. 

Proportions of ingredients may vary from the 
proportions given under the heading "Preferred Method 
for Making ASUNDER" es follows: 
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Bright Sun 30-70% v/v 

Crude Almond Oil 15-30% v/v 

Emul.ifi.r 1-10* v/v 

EXAMPLE 7 - Troat P AWf IpMbltlon 

Fro.t concern, represent one of the limiting factor, 
in plant agriculture. Many liquid., including water, 
can be .upercooled belov the melting point of the 
.olid pha... Treating occur, thereafter either 
.pontaneou.ly or in the pre.ence of a cataly.t. The 
cataly.t. are often referred to a. ice nuclei, the 
two general type, of which are cla..ifi«S homogeneou. 
and heterogeneou.. Homogeneou. nuclei are important 
below -10 degree. C, while heterogeneou. nuclei come 
into play above thi. range. Of primary importance to 
agriculture are freezing temperature range, between 
-5 to 0 degree. C. It i. at the., temperature, that 
many plant tie.ue. are damaged. That i», 
.upercooling doe. not occur due to the presence of 
nuclei catalyzing the liquid to .olid tran.ition. 

Within thi. initial freezing range of -5 and 0 
degree. C, it ha. been found that three primary 
epiphytic bacterial .pecie. ..rve a. ice nucleation 
cataly.t. cmmlrmmf "rlMae, El /luore.ceni , 
BrMl n 1 , wblcola l. The bacteria are normal 
inhabitant, colonizing the plant .urf.ce.. It *• 
believed that certain constituent, located on the 
cellular membrane initiate ice formation bringing 
about freezing and plant ti..u. .damage.. 
Fe.ultingly, program, directed at reducing the 
population, of ice nucleation bacteria have provided 
a .ignificant degree of fro.t protection. Three 
gen ral avenue, f achi ving the.e goal, are via the 
us oft 



1. bact ricides 

2. ice nucleation Inhibit rs 

3. antagonistic bacteria 

The.e approaches relate to finding, of a log-linaar 
relationship between fro.t injury to plants (at • 
•pecifiad temperature) and tha quantity of ica nuclai 
associated with tha plant. Tha lovar tha population 
of ica nuclaation bactaria, then, the more 
opportunity for supercooling in tha absence of ica 
formation. < 

Of the three methods, the use of antagonistic 
bactaria offer, a highly viable end economical leans 
of achieving fro.t protection. It exercises the 
principle, of microbial ecology of the phylloplane. 
The .oil environment has multiple niche, and buffer 
.ones, which contribute to ecological diversity. 
However, the phylloplane ha. fewer di.en.ion. end 
reeultingly it. extent of diversity is -ore with 
respect to tin. or season.. An epiphytic bacterial 
species which aggressively colonic, surface tissue, • 
then, encountar. faw natural obstacle, other than 
variation, of moisture and temperature. Thu. once 
starts, a particular colony can be difficult to 
displace. A logical approach, than, would be to 
introduce larga populations of antagonists following: 

1. previous natural decline of ice nucleating 

species " 

2. bactericidal application, to reduce ice 

nucleating species / 

To date investigator, have overlooked two key factor, 
for .ucc s.ful introduction of an antagonistic 
bact rial species: 



10 



15 



20 



25 



30 



-58- 

1. conditioning the antagonist 

2. providing a t .porary .ub.tr.t. n plant 
surface, f r xpan.ion and an int.ri* for 
adaptation. The .ethode daval pad by th 
author addreaa thaaa iaauaa. 

^n7lpr^ou.Iy outun^ pr.f.rrad -Bright Sun- i. 
diluted in tha .ixing tanX. and/or .pray rig tan* to 
which is added far.entation and/or plat, cultur.. of 
naturally -occurring antagoni.t. i.ol.tad fro. plant 
.urfac... Tha bactaria «re not gan.tically «lta rod 
but war. i.olatad by th. author fro. al.ond bud wood. 
It i. a naturally occurring, cowaonly found .pecie. 
vhich live, apiphytically on variou. .pecie. of 
plant.. The population i. diluted to a concantration 
cf about one billion colony foming unit, (cfu) per 
.illiliter of dilute .pray »ix. 

conditioning of tha organic i. acco.pl i.hed by 
including 0.4% v/v of Bright Sun int . the 
fennentation tan* .ubstrata (8 gr/L nutrient broth, 
or petri plata .ediu. (23 gr/L KA). Subsequently, 
the .praying of Bright Sun not only .erva. .. a 
carrier but coat, plant .urface. with . te.por.ry 
aubatrat. for initial coloni.ation. Bright Sun al.o 
provide, th. growing plant with .ub.tanti. 
guantitia. of variou. nutrient.. With an optW 
growth .tatu. th. plant i. capable of exuding wo*, of 
the bacterial growth pro.oting organic acid, and 
related nutrient.. 



The following organi.M can be u.ed: / 
• x . uu^rrnnf (antagoni.tic 

atrain T-l) / 

2. 



£jtajldoJ onflf PUtidft (antagoniatic train 
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2-88 

Bright Sun 4 gpa 

£4. msisie*** T-l -1 billion cfu par ml 

Pho.phata buffar 1 qt. P« 100 gallon, mix 
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Spray voluaa 60 «P« 

Bright Sun 4 9P» 

Pho.phata buffar 1 qt. P*r 100 gallon, mix 

Spray voluma *0 gp* 

Bright Sun 4 gpa 

Eg. xUiojaftfiftM T-l -1 billion cfu par ml . 

Pho.phata buffar 1 qt- "0 gallon. mix. 

Spray voluma SO gpa 

Reading, following two con.acutiva day. at 
approximataly 3.3 dagraa. C (.ix hour, .ach morning) : 

Untraatad - 43 of 60 randomly .alactad nut. 

daaagad . ^ 

•SUMBURST- - 7 of 60 randomly .alactad nut. 

daaagad 

Th. fr..t .true* in l.t. My. !»•«. *»»» « bieh 
.ubj.ct.d t. pried, of -J to -4 d^r M . C 

fr.«ln, t..p.r.tu». «* Which noiwlly .u.t.in 
y«rly d.«9« «.c^i»g 50% le..« «. »"Mf««T 
in .«... of ».000 lb.. P« .cr- ■•!«'*»*»» 
untr..t.d plot, which wr. 
t..p.»tur.. .u.t.ln.d «or. tM» •»» tro.t d—a.. 

pvmptg t - ft"" nwniimit 

ff-n ' < t; ■HQRliTW 

continue productivity of """""^ 
.arieultur.l l.nd. f.c~ ,«». ch.ll.ng... Th. b..ic 
nltur.l r...ur« «d found.tlon of .,rlcult»r., th. 
.oil on which w r.l. our «°**' lm uM,r « 
ch«le.l «d/or phy.ic.1 d « ov.x th. Mny 

y..r. of cropping « condly. world xp.n.ion ud 
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urb.nlr.tln int oth.rvl. productlv 
„ c ..it.t . d.v.lopwnt f «ny virgin land.. 
How.v.r. through th. natural proc .... * « 
w..th.ring, th... unch.rt.r.d .oil. «. virtually 
•t.rll. «hJ unfit for growing profitabl. crop.. 

ror..o.t ».ng .oil «. ..It "^^"^ 

and build up. of toxic .!..«*.. ™f'™ 0 "; 
.cono.lc.l. l«rg. .e.l. f.r»ln, ha. "•"" lt « t * a 
.xt.».iv. ».. of h.rbicld. .tripping on th. •"•«*« 
r.dlu. of root growth. "ithout p.riodic 
r.pl.ni— »t of org.«le «tt.r to th... .»«. 
v.riou. probl... of .oil compaction. v.t.r 
p.„.tr.ti.n .nd .in.r.l ti. up int«,.ify 
Il,o.t .11 irrigated «glon. do not bav. P»p.r 

c. ntr.1 dr.ln.g. f.ciliti.. nor ^« " « 

d. ..ltin, .nd r.cycli„g plant.. <*""^ n "*; 
grow.r. -ill ofttn f*. dr.lnag. run off. mix thU 
with th.ir irrigation w.t« .ourc r.cyclina »d 
.ccu^l.tln, ..!« on th.ir cropl.nd. *«- 
.,t.bll.hing .fficUnt drain.,, and drain.,. w.t.r 
treatment plant., .any ,r.w.r. «Y ^ 
quality of th. r.cl.i..d ..rgin.l cropland, with 
proper »oil ■anagea«nt. 

r 

* c«,tr.l th«a of »y o«*cti« 

progra. rail., on maintaining th. organic «tt.r «d 

IZ -icrohia! fraction, of th. -U. 

.pad., of .icroba. can h.rv..t atno.ph.rlc nitrogen. 

for .xa.pl.. cnd.r id..l condition.. « .ntlr. 

.cologically coordinated, y.t div.r... group of 

.icroL can i*>r.v. th. .oil in • myr^ °< 

1. i.prov. .tructur. through formation of 
aggragatad particlM 

a . incrH.. «.t.r r t ntl n .nd .v.ilability 

to root* 
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incraaa. th. ov rail and »t. of water 

drainag 

inprove • il a rati n 

increase the availability of tharwi.. 
•oil-bound ■aero and .icronutrient. 
add nitrogen to tha .oil 

increaaa th. rata of conversion of aaaonia 
foras to nitrates 
reduce electrical conductivity 
increaee the ion exchange capacity of the 

• oil 

buffer the plant root. froa harmful and 
toxic l.v.l. of ch.aicals and/or .leaents 
degrade haraful chemical, 
reduce population, of .oil-bom. plant 
pathogens and/or reduce the opportunity for 
their pathogenesis. 

Th. following ».nd«nt .ix .ddr...« 

needs: 



3. 

4. 

5. 

6. 
7. 

8. 
9. 

10. 

11. 
12. 



Fr - fr rr .H M*thnrt for " HQ?Wg mi 

Jtttm concentrfttlon 

Part I Mix: 

Bright Sun P«ent nix 

Katy-J Coaplexing 



Agent 



5 gr/gal nix 



Source 



Bright Sun 



Katy-J 
(JKT corp.) 



Part II Mix: 
gypeoca paa .P. 

grl««u» 

ffjfrP^ladlun 
roa.ua 



1 trillion cfu 
per gallon nix 



feraentation 
culture, of 



Pseudomonas 
fluoraacens 

Cellulase 



Alpha amylase 

Glycerol 
Buffer 

Zinc sulfate 
Manganese sulfate 

Iron sulfate 



2,500 units/gal 



Type VII from 

punlellllua 
fgr^ieuloaum 



36,000 units/gal Type XA from 

Hp^rqlllua 



2 qt./gal 
8 ot./gal 
0.05% V/V 
0.05% V/V 

0.05% V/V 



orvgae 
glycerol 

phosphate buffer 

sine sulfate 

manganese 
sulfate 

Ferrous sulfate 



The alga species, Gloeocapsa, is cultured in one-half 
strength Hoagland's Solution supplemented vith one 
gram per 100 gallons mix of Katy-J. The culture 
suspension is aerated and provided vith constant 
lighting (via submersible incandescent lamps vith an 
output of light equivalent to approximately 2.0 
Einsteins of light energy per square Meter per hour) . 
Approximate duration of incubation is 5-7 days. All 
culturing is conducted under aseptic conditions. 

ff1f rv ? i» ^n» roseum . fi. subtllls, fi. flxlftejiz and £»• 
fiuorftscens are cultured in fermentation tanks 
similar to that for Gloeocapsa but vithout lighting 
and vith a different substrate. Nutrient broth (8 
gr/L) is suppleaented vith Bright Sun (0.4% v/v) . 
pcAndomonas fluoreacena is a fast grover and is 
generally mature vithin 48 hours culturing time. The 
remaining thr e spec! s r quire a minimum culturing 
period f 72 hours and in many ca« » 120 hours. All 



# 



Y 
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peration. ara c nduct d a.eptically, under constant, 
1 w a ration and at 25 degrees C. 

When .ature, tha cultures ara aliquant d and blandad 
vith glycerol, pho.phata buffar and enzy.... Vhmy 
ara placed in breatha-cap container, and refrigerated 
i M ediataly (5 degree. C) . Application involves 
delivery through the irrigation .y.tam or co-parable 
»eans of approximately one gallon Part X Mix ♦ 1 
quart part II Mix per acre (rate »ay vary with .oil 
condition). 

ftUf^"^^ concentrations 
part I Mix: 

Bright Sun ••• original text on Bright Sun 
Katy-J 0.000001-20 gr/gal 

Part II Mix: 

ff1 .p. 1.0-10(20th) cfu/gal 

ft. ir»fctiii« " 

p. roseuro " 

Cellula.a 1.0-10,000 unit./gal 

a-a»yla.e 1.0-75,000 unit./gal 

glycerol 1.0-90% v/v 

Buffer 1.0-10% v/v 

Zinc .ulfate 1.0-20% vA 
Manganese .ulfate 1.0-20% v/v 

Iron .ulfate 1.0-20% v/v 

ft]M>rnate SOUrCM 

Part I Mix: (see original text on Bright Sun) 
part II Mix: 

fi. grJjLftili: &. a yregfacitn i 

B . mbiUli: fi. ■ftgsitriM' a fit****' *• 

£l. f]yora»c«ns: El- PJ&lflA 
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xfiMM : TimnnrwYr- His**""* 



Cellulase: 



Typ. x (tmninfli nUti)* 
Type xi (A- niati)' 

Type V (I. XiEife) » 

Typ. vi (I. Yiridfi)» 



a-aaylaae: 



Type IA (porcine pancreas) , 
Type IIA (gaclllUg IB*) 
Type XI -A (BacillM* IS-) 
Type VI-A, 

Type VII-A (porcine pancreas) , 
Type VIII-A (barley »alt) 
Glycerol: glycerol 

Buffer: eee original text on Bright Sun 
Zn, Mn and Pe .ulfate.: .•• original text on 

Bright Sun. 



Flf?d Test -MORNIKG SUN" 

Application of one gallon per acre 

.lL v.r. «d. on 1*0 .cr.. of pi.t.=hio t«... 

heavily inf«t.d with .icro.el.roti. of JarticiHUa 
<»» cf«/,r- ..ID. «** I"* »oll cor.. 

7TnL.t.r) «.r. r»ov.d fro. th. drip •* 

r.ndo.ly «l«t^ tr... b.for. .nd .ft.r 

L..t..nt. «. ..IX «• .ir -ri-. P«lv.rl»d ^ 
th. fiv. r.pli«t.. bl.nd.d. A 10 ,r» .li^«.t «. 
then .u.p.nd.d In 100 .1 .frll. «-"r. * 1 «1 
.U,u.nt «. r..ov.d .nd pl.t* on 1.5% «.fr .,«. 
,U«.d to .lr dry ov.mioht, ...1- «!«» P.r.fH-, 
tn ^pLcd tvo ...X. of d.r* inc^tlon ,» 

d>,r... C|. CoLny fr-lno unit. (cf«) «» r..d 
t lloving th. tw w •* incub.tion. 
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cfu befor cfu after 

Replicate traataent trgfltBttnt 

1 6 3 

2 2 1 

3 4 4 

4 ■ 1 1 

15 Cfu 9 Cfu 

% reduction • 401 

The following composition is useful for the s&ae 
purpose as the composition of Example 8 but is 
intended for use without adding aicro-organisas . It 
relies upon natural flora in the soil: 

CSE Component / 5.0 - 75.0% 

Nitrogen / 2.0-15.0% 

Phosphorus / 1.0-15.0% 
Potassium / 2.0 - 6.0% 

Calcitm A / 0.1 - 15.0% 

Zinc 0,1 " 3,01 

Manganese Jj 0.1 - 3.0% 

Iron l/M 0.1 - 3.0% 

Vitaains / 0.01-0.5% 
Conplexirtg Agent (a) 

Citric Acid 0.01- 1.0% 
Calciua lignosulfonate 5.0 - 75.0% 

MOTE ; The higher proportion of calciua ligno- 
sulfonate would be used where it also serves as the 

CSE component. 

example 8 A - Soil Treatment Tests 

Use of Morning Sun for soil treatment is recoaaended 
for soils which are one or aore of the following: 
(1) alkaline, (2) high in salts, (3) high in clay; 
also soils which havs one or aore of the following 
properties: (4) slow infiltrati n rates, (5) are low 
in organic aatter, (6) ar inf rtil du t ainerals 
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being tied up and unavailabl f r a.si.ilati n, (7) 
arc inf st d with di» as inocula. 

Alkaline .oil. are benefitted by .icrobial activity 
sti.ulated by Morning Sun, such activity acting to 
raduca pH and alao to generate a .ucilage which is a 
good soil conditioner. 

soils high in salts benefit fro. the increase in 

infiltration rata caused by Morning Sun. 

With regard to clay, the texture of clay is altered 
by auch .icrobial activity, beco.ing .ore granular. 
This in turn leads to enhanced infiltration rates. 
Due to such microbial activity, organic .attar is 
also increased which benefits the soil. 

Where the soil is infertile due to tying up of 
.inerals, the co.plexing agent, especially 
lignosulfonate, solubilites .inerals and «ake. the. 
available to plants. 

With regard to disease inocula, Morning Sun 
stimulates the growth of antagonists. 

Experi.ents were carried out Septerf*r 2 - Hoverf>er 
10, 1989 as follows: Morning Sun was applied at the 
rate of 0.1 gallon on each of two 400 square foot 
plots and was applied with about 1100 gallon, of 
water* 

Sando. sa-ple. of soil fro. the treated plot., 
likewise rando. sa.ple. of soil fro. adjacent 
untreated plots, were exa.ined by standard technique 
to d t rain .icr biel counts. 



t t 
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The s 11 was also evaluated by standard technique, 
for a il aggr gation end for Infiltration rates. 
Results are sumaarired as follows: 

Treated ,. ContrQl 

164 «.25 

Each figure is the Bean of four saaples. 

Aggregate Tests 
Treated Control 

These are »ean value* of four samples each end 
indicate degree of cloudiness of the air «^i«d soil 
swirled in water. Leas cloudiness indicates more 
aggregation of the soil. 



Infmrn* <on 

Treated £en£rfil 

0.45 inch per hour 0.15 inch per hour 

These figures indicata greater infiltration/perme- 
ability of the treated soil. 

EX AMPLE 9 - f»»<* coaHiw and Boot PlP 
The soil environaent presents a coaplax range of 
integrated factors promoting end/or inhibiting plant 
growth and reproduction. foremost aaong the .any 
influential factors is the nature and density of the 
microbial populations. From the very moment of 
•owing or planting, the seed or plant roots become 
•nveloped in the dynamic flux of various .oil-borne 
organisms and directly and/or indirectly are aff ctad 
in subs quent growth. Cultural practices, nature, 
the basal soil che.istry and microbial populations 
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interact t either favor or impede growth. Various 
•oil-borne pathogens, for xaapl , are pportunistic, 
gaining entry and/or establishment during weak ned 
states of plant development. Generally speaking, 
5 then, adjustments of the soil environment favoring 

rapid growth and suppressing soil-borne pathogen 
colonisation would subsequently provide opportunity 
for optimum seed germination, stand, growth and 
reproduction of the commercial crop. 

10 In recent years a growing awareness of soil ecology 

has prompted investigations into the science of soil 
amendments directed towards these ends. Coals have 
been achieved through ■odifications of various 
edaphic factors which would favor growth of existing 

15 beneficial populations, by the direct addition of 
beneficial organisms and a combined effort of both. 
Supplementary introductions of beneficials have 
targeted both edaphic enhancing forms as well as 
antagonists of plant pathogens. The additions of 

20 soil amendments has resulted in rather consistent 

benefits but in large-scale practice has proven to be 
somewhat cost-limiting. Conversely, the 
supplementing of antagonists and other beneficials 
has been met with inconsistencies in results. 

* 

25 The author has explored the nature of these observed 

phenomena in an attempt to explain inconsistencies 
and to design cost effective solutions. Invariably, 
investigators exploring the introduction of 
beneficials have overlooked the need for concomitant 

30 additions of agents which would enhance their 

establishment. Secondly, those who have taken the 
approach f adding s il amendments have done so with 
primary regard to introducing th end product of 
id al microbial activity. «uch an approach 

35 n c ssitates ma.siv additi ns and/ r displac sent of 
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xieting • 11. Rath r. tha author haa approachad 
•oil iaproveaent wh reby . ain r iapr veaente in 
cartaln kay daphic paraaet ra In coabinati n with 
tha introduction of ecologically intarralatad 
populationa would achieve naar idaal growing 
conditiona. Tha concapt raata heavily upon 
anticipating a gradual raconatruction of tha aoil by 
virtua of tiaely sequential incraaaaa in specific 
aicrobial populationa. For exaaple, apaciaa which 
can harvaat and aasiailate nitrogan gae would ba a 
firat priority for enhanceaent. Aa thaaa populationa 
incraaaa and dia off thay would provida a aubetrate 
for following apaciaa. Thaaa would add aass and 
banaficial by-producta of thair growth auch as 
aucilage, which aaaiata in soil aggragation and thus 
watar penetration, aeration and tha ralaaaa of 
otherwise bound eleaenta. 

Practical avanuaa for instituting theaa concepta 

center about: 

1. the addition of bulk volumee of organic 

aattar 

2. irrigation dranchaa with aicrobial 
suspensions 

3. irrigation introductions of chemicals 
and/or eleaenta enhancing the chemical 
and/or Microbial anvironaant 

4. the coating of »aeda and/or roota prior to 
or during planting. 

The author will integrate the above approaches and 
atte.pt to exercise thair coabined virtuaa via 
production of the superior aeed coating and/or root 
dip treataent, "SUN COAT". 



1 
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Preferred Method for Producing «SUH COAT* 



Hernial 

Bright Sun 
Algin 

Benton ite Clay 

Buffer 

Katy-J 
Agent 



Ratio r 

CP P tt«ntratlon 

10% V/V 
2% v/v 
4% v/v 

25 BK 

2 gr/gal six 



Bacillus subtilis 4x10 (12th) 

cfu/gal 



Pseudononas 
fluorescens 



Bacillus 

thuringiensis 



Gliocladiun 
virens 



4x10 (12th) 
cfu/gal 



4x10 (12th) 
cfu/gal 



4x10 (10th) 
cfu/gal 



figure* 

Bright Sun 

Keltone LV 

Benton ite 
Clay 

25 nM K2HP04 
25 BM KH2P04 

Katy-J 

Coaplexing 



plate/ 

feraentation 
cultures 

plate/ 

feraentation 
cultures 

plate/ 

feraentation 
cultures 

seed/plate 
cultures 



Gliocladiun virens is first cultured on boiled vheat 
seeds using the following procedure: 

vheat seeds 1 cup 

Bright Sun 2 ox. 

vater 1* ©*• 

The seeds are foiled for approximately 40 ainutes 
then transferred to sterile trays. After cooling, a 
spore suspension (ca. 1 x 10-6th/»D sprayed onto 
the vheat seeds. Trays are protected vith a 
transparent cover vhich allows air exchange end 
Incubated at 26 degrees C ♦ low light intensity for 
approxiaately 10-14 days. Incolua is collected by 
placing th sp r -cov red vheat seeds int a 
strainer. Whil egitating, a gentl streaa of vater 



-71- 

is run ver the • ads to dislod* spores. The 
coll ct d spor suspension is then added to th Sun 
Coat six. 

Bacillus subtilie, B. Thuringieneie and Peeudoaonas 
fiuoraacana ara culturad in feraentation tank, with 
the following aedia: 

Nutriant Broth 10 graas/L 

Yaaat Extract 10 grama/L 

Bright Sun 20 al/L 

Phosphate Buf far 20 an* 

Water 1 
The ingredianta ara brought to a boil than autoclavad 
in flasks at 15 p.i, 121 dagraas C for 25 ainutes. 
Large-scala operations «ay raplaca autoclaving with 
the use of ultraviolet (UV) laap sterilisers. Tha 
aedia is first boiled in a concentration about twenty 
tines that of actual usage. It is than diluted with 
water to the appropriate levels before baing puapad 
through the UV sterilising unit. The sterilired 
aedia is transferred fro. the UV steriliter to 
fermentation tanks equipped with sterile aeration' 
units. Starter cultures of the organises ara grown 
in shake culture flasks 48 hours prior to thair 
inoculation into feraentation tanks. All cultures 
ara kept at 26 degrees C and under low light 
intensity. Pseudoaonaa fiuoraacana requires 24-49 
hours culturing, while B. eubtilis and B. 
thuringiensis aay require 72-120 hours. 

The parent Bright Sun is then diluted with the 
suspensions of C. virens, B. eubtilis, B. 
thuringiensis and Ps. fluoresces. Additional water 
is added to obtain a 10% v/v Bright Sun aixtura. To 
th final diluted aix the following ar added: 
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Katy-J 
Buf far 

Bentonite Clay 
Algin 



2 graae/gal 

16.7 graas K2HP04/gal 

13.2 graas KH2P04/gal 

4% v/v 

2% w/v 



During the aixing, it is important to diluta the 
Bright Sun as tar as possible before adding the 
culture suspensions so as to avoid osaotic stresses 
on the organisas. Bentonite clay and algin aust be 
added gradually and aixed under high shear agitation 
to avoid cluaping. 

The seed to be coated should be soaked and 

disinfected through a 10% bleach solution for 
•pproxiaately two ainutes than iaaediately and 
thoroughly rinsed free of bleach with water (this 
step »ay be optional depending upon the nature of 
natural infecting flora) . Disinfected seeds are then 
dipped into the Sun Coat «ix, allowed to drain, and 
placed upon drying trays lined with breathable 
fabric. A gentle streaa of air (not exceeding 35 
degrees C) is directed on the seeds to expedite their 
drying. After about 30 ainutes the seeds are placed 
into a tuabler which individualizes any cluaping 
which had occurred during seed drying. 



A^* rna te eventrations 

Material 

Bright Sun 
Algin 

Bentonite Cley 

Buffer 

Katy-J 

Bacillus subtilis 
B. thuringiensis 



Ratio or 

fgnrtnt ration 

1.0-50% 

0.1-10% 

0.1-15%. 

0.001-1 M 

0.1-50 graas/gal 

10-1 x 10-2 5th cfu/gal 

10 - 1 x 10-2 5th cfu/9*l 
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Pb udoaonaa fluorescans 10 - 1 * 10-2 5th cfu/gal 
Gliocladiua virens 10 - 1 x 10-25th cfu/gal 

Alternate Matarlals 
Bright Sun - ••• text under Bright Sun 
Algin - Xanthan gua, guar gua, gua agar, gua 
accroides, carboxyaethyl cellulose, aethyl 
cellulose, starch, Pelgel, Methocel, gua erabic, gua 
carragaenan, gun daaar, gua eleai, gua ghatti, gua 
guaiac, gua karya, locu»t bean gua, gua aastic, gua 
pontianaX,- gua rosin, gua atorax, gua tragacanth 
Bentonite Clay - aontaorillonite clay, Xaolinite 

clay, illite clay, aaorphoua clay, sesquioxide 
clay, chlorite clay, veraiculite clay, peat, 
talc, nu-7ila 17 
Buffer - succinic acid, aalonic acid, hydroxyzine, 
histidine, cacodylic acid, EDTA (versene) , 
B,B'-diaethylglutaric acid, aaleic acid, 
carbonic acid, citric acid, 4 or 
5-hydroxynethyliaidarole, pyrophosphoric acid, 
phosphoric acid, iaidazole, 2-aainopurine, 
ethylenediaaine, 2,4,6 collidine, 4 or 
5-aethylinidasole, triethenolaaine, 
diethylbarbituric acid, tris-(bydroxyaethyl) 
aalno-aethane, glycyglycine, 2,4 or 
2,5-diaethyliaidaiole, acetate buffer, calcium 
tartrate, phosphate citrate 
Katy-J - see alternatives to Katy-J under Bright Sun 
Bacillus subtilis - B. cereus, B. puailus, B. 
aycoides, B. aegateriua, Thiobaclllus 
ferrooxidans, Actinoplanes aissouriensis, A. 
utahansis, Microaonospora spp.# 
Aaorphosporangiua auranticolor, Streptoayces 
griseus, S. aureofaciens, Clostridia butyricua, 
Cloaus aosseae, Bacillus thuringiensis - as 
abov 
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Ps udo.ona. fluor n.can. - P.. P«tida, I»t robact.r 
cloaca , Alcaliglnaa .pp., Ervinia b rbic la, 
Agrobacta riu. radiobactar, FhUobiu. japonic*., 
p. leguainosama, Barratia liquafacian., 
Arthrobactar citrau., A. cryatallopoiat.., A. 
globiforai., Pa.ta uria panatrana, Aiotobact.r 
chroococcu., A. pa.pali, Klab.iall. pn.u»oniae, 
HitroaoBonaa .pp., Hitrobactar .pp. 
diocladiuB vir.n. - G. roa.u., Chaato.iu. globo.ua, 
Panicilliua oxalicua, P. funiculo.ua, P. 
urticaa, P. varaiculatua, Trichodaraa hanianum, 
T . na.atua, T. Virid., T. koningii, Fu.ariu» 
aoniliforaa variaty .ubglutinan., Pythiua nunn, 
p. oligandru., La.ti.ari. arv.li., Coniothyriua 
ainitan., Arthrobotry. aaarospora, A. conoida., 
Acra.oniua boraala, A. falciforaa, Typhula 
phacorrhiza, Hyphochytriua catanoida., 
binuclaata. Rhi.octonia .olani, Tal.ro.yca. 
flavu., Sporodewiu. .cl.rotivoru., Dactylalla 
ovi P ara.itica, V.rticilliua l.canii, A.olla 
•pp., Cloeocapsa .pp., Baauvaria ba..iana, 
Ulocladiua tarculatua 

Th. .p.=i«c »tur. of .oil-bom. di...... ■»«/«* 

.daphlc factor. .ncount.r.d -ith . p«ticul.r crop 
.nd g.ogr.phie.1 ..ttin, W*£ 
.aju.t»»t. i» cr,.ni.» and/or 

MlMt* m Sun C«t. For thi. r..»n. th. .train. 
"* racip. It— und.r -pr.f.rr.d «thod.- r.pr..«t 
.. clc. a. po..lbl. .n ld«l -9.~r.l- Sun Coat. 

S .condly. coating i. but cn. a.P«t of, Sun Co£ 

Th. product can .X« b. ~*m«> — —« " * 
dip and/or inclu^ with th. planting «.t«. X 
' ' . . . tt , no ca. . 1. •* • 

■ug9..t«d for. for th law r *» 

po!d.r d product. Excluding th. rg.ni™, Bright 
Z,. .Win. b.nt.nit. cl.y. bulf.r and Katy-a «. 
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blended with a ainiaal volume f water then spray 
dried. The organisms are cultur d and spore-forming 
sp cies induced to aporulat . These are freete dried 
into a powder form and subsequently blended with the 
. 5 apray-dried mix. 

Commenting further on this example, the bentonate 
clay and the algea funct/ion to adhere the composition 
to the seeds and to the roota. The addad Katy-J 
assists in germination of the coated seeds and is 

10 helpful in, promoting/proliferation of desired micro- 

organisms in both/seed and root treatment. In 
application of the/composition to roots of seedlings 
to be planted, ft is preferred to prepare a dry 
mixture of the a / pr#ldr>ed mixture described above 

15 and of the frWeVaried micro-organic., in the 

proportions deeded above. This dry mixture may be 
shipped to an/ stored by the farmer who may then mix 
it with wate/ and dip the roots of seedlings in the 
resulting aqueous product juat before planting. The 

20 micro-organisms are beneficial in seed germination 
and plant /growth. 

Alternatively, th/ apray dried mix may be used 
without the addition of the freeze dried micro- 
organisms, in wh/<& jca>e the spray dried product will 
25 stimulate the Jfafih of beneficial micro-organisms 

naturally prese/nt in the soil. 

F? rxMPT.K 10 Nematode E fffff* ComTX>S i t i PH QZ 

Tnv^ntiff n ffP *«»»to Plants and 
fin gar iw»«t Pl tmtr in « SreenhPUfe 
30 Sugar beeta (ftAfci yjlls*xi«\) tomatoes 

(LvifiEfiXficoji e»cultntua) were planted in pots and 
grown in a greenhous under id ntical conditions with 
exc pti ns described below. 



in the case f sugar b et. the .ugar beet cy.t 
nematode (h>*5XSd*X-. MSh^hill) va. added at 
approxi.at ly 2500 invaaiv .tag (J2) larvae par 
pot. In the case of tomatoes root-knot nematodes 
(Meloidoaynfi lavanici) were added at approximately 
2500 invasive stage (J2) larvae per pot. 

The sugar beet, and tomato seedling, were 
transplanted to .i* inch diameter clay pot. u.ing a 
1:3 parts mixture of whit. .and:riv.r .and. 
initially ..11 plant, were sat up on a drip .ystam 
delivering nutrient solution until th. plants had 
regained health from transplanting. One week prior 
to testing .11 plants were taken off of the nutrient 
solution and were watered twice daily with d.ioni.ed 
water. Even, diffused lighting was obtained by 
suspending a .ingle layer of cheesecloth on the 
interior of the greenhouse. 

Certain of the plants of each species were treated as 

described below with Bright Sun and others (control.) 
were not so treatsd. 

in the case of the treated plant, the .took .pray 
material (the Bright Sun formulation) was diluted as 
needed to achieve a nitrogen concentration of 1200 
part, per million. Spray wa. delivered with a 
household plant misting bottle to underside, and tops 
of foliage. Parameter. ..t on the LICOR Photo- 
.ynthesi. System followed standard procedure, with 
the use of a quarter liter chamber, twenty cubic 
centimeter, per .econd air flow and .tomatal leaf 
resistance, of one. Reading, were taken per 
chronology chart. Bright Sun was formulated .. 
d scrib d in Example 1 above except that com .yrup 
vas us d instead of sugar be t molass s. 
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corn syrup was us d for th f lloving r ason: In 
long tera field application to crops in Examples' 2 
and 3 abov , the brown residue eff ct described below 
ia not significant. The "brown reaidua effect" 
5 results from the use of aolasses which leaves a brown 

reaidua on the foliage which «ay act as m light 
impedance and aay of feet photosynthesis aeasurements. 
In long tern field usage this brown residue effect is 
diminished because of absorption of the residua by 

10 plant tissues and because growth of the plant tissues 

dilutes the effect. In short tera, greenhouse 
experiments the brown residue-light impedance affect 
is Bore significant. For that reason com aynip was 
used instead of aolasses because it is clear and 

15 transparent and causes little or no brown residue 

effect. 

In the Bright Sun formulation calcium lignosulfonate 
was used as a complexing agent and supplementary 
carbon skeleton-energy source, a xanthan gua 
thickening agent, XELFI/), was also used and 0.3% 
proprionic acid was used as a aicrobialstat. The ' 
procedure set forth in Example 1 was substantially 
followed. This constituted a stock solution which 
was diluted as described above for spraying. 

25 The plants (both tomatoes and sugar beets) treatad 

with Bright Sun produced much more vegetative growth 
than the controls. 

pxxMPi^ 11 Pollination of Olive TrtCf 

fry ftfrlffil B P ravina 
30 A block 1,000 acrea in sise of olive trees in 

California ware treated by aerial spraying with a Sun 
Pollen consisting of the following ingr dients in the 
proportions given below. 
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Povder d sugar 122 part, by weight 

Calciun gluconate 23 parts by w ight 

Y ast extract 23 parts by weight 

Pollen 1° P» rtB b * w « A 9ht 

Two applications were aade by aerial dusting, aach 
in the amount of 178 graas per sere, one application 
being on April 22, 1989 and the other on April 25, 
1989. 

The treated block produced a substantially greater 
crop than untreated trees in the sane orchard. 

EXAMPLE 1 2 Alfalfa 

In several cases crops were treated by foliar 
spraying of Bright Sun. In one case the foliar 
spraying occurred following the second cutting and 
resulted in a 25% increase in yield by the third 
cutting and a substantial increase in protein 
content. Also the treated plants re-established auch 
nore quickly and with aore density in the fall. In 
another case two sprays of Bright Sun at the rate of 
2 gallons per acre increased yield by 36%. 

EXAMPLE 1 ? Cotton 

Cotton crops in Mississippi, Texas, California were 
sprayed with Bright Sun, in one case during boll 
aaturation, in another during flower sat and boll 
set, in another case during boll set aaturation. In 
all cases substantially greater yields of cotton 
resulted. 



EXAMPLE 1 4 Tomatoes 

in one case in California Bright Sun was applied by 
a rial spraying 2 gallons per acre in aid and late 
Jun . In anoth r case in California Bright Sun was 
appli d twic by aerial spraying t 20 acres at the 



rat. of 2 gallon. per acre. In both ca.es 
substantially impr ved yi Id. r suited. In Colorado 
a .ingle .pray during bloom of tomatoes int nd.d for 
hand picking and canning re.ult.d in the plant, 
producing an additional 10 ton. par acre, larger 
tomatoes, increased solids, more even ripening and 
larger site. , 

Thi. example illu.trate. the phy.iological atra.s 
caused by TfrM-11 11 "- d a hllae and i. typical of 
stress caused by many pathogen, and of the natural 
resistance of plants to audi pathogen.. 

v. dahliae is an opportunistic .oil borne pathogen, 
as are numerous other pathogens. Almost 3" plant 
species have some degree of multigene resistance to 
v, d»hllae and other .oil borne pathogens. Such 
defense mechanism localit.s the pathogen to the aite 
of entry by the production of -vailing off 
compounds". This resistance response by the host 
plant requires, among other things, the following: 

1. increased carbohydrate. 

2. more ATP and precur.or. for phenylpropanoids, 
phytoalexina, lignina, .uberin and related 
"walling of compounds" 

3. increased rates of glycolysis 
increased rate, of pentose phosphate pathway due 
ti> insraased demands for precursor., nuclaic 
acid and HADPH 

increased enzyme production (thus, increa.ed 
S-RNA) 

6. increased mitochondrial biogane.l. 

increased transport of furanoterpen • from the 
noninf cted t inf ct d regi ns 



4. 



5. 



7. 
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Furtheraor , it has b en found that • v ral f th 
new aitochondria formed during »arginal plant 
r si stance r sponses develop cyanid insensitive 
respiration (beginning at a point after ubiquinone in 
5 the oxidative phosphorylation chain). A» • result, 

there Is heat produced at the expense of little to no 
ATP energy production. Research has shown that the 
deficient ■itochondria »ay be products of 
phospholipid-deficient Bembranes. Thus, it »ay be 

10 hypothesised that reactions leading up to and 

following synthesis of fatty acids, glycerol, acetyl 
coenzyne-A, NADH, PADH2 , NADPH and ATP, all of which 
are factors contributing to ©ptinuB Betabolisas of 
the plants, are ever Bore important in the resistance 

15 response. 

It is »ost interesting to note that the increase in 
root disease incidence in tiae is closely correlated 
to the onset of flowering of »any plant species. Hot 
only do flowers serve as photosynthetic sink* but 
rates of aetabolisa, including respiration in the 
tops of the plant, are known to increase aarkedly 
during these periods. Infections by root pathogens 
Bay occur with less difficulty at these tiBes as a 
successful resistance response on the part of the 
25 plant would be haapered by a conpetition for both 
energy and substrate froB flower forBation. 

A Bajor factor in reducing verticilliuB wilt is to 
institute a full range of programs designed to 
iBprove and Baintain plant health as follows: 

30 1. iBprove soil aeration and water drainage 

2. iBprove Bineral nutrition (quantity and balance) 

3. iaprov pruning practices 

a. Baxiaize sunlight (thus, photosynth tic 
efficiency) 



} 
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b. .axi.ite luf: fruit ratio* 

4. inprove irrigation 

a. low voluae, alow d livary to avoid standing 

water 

b. even depth of penetration 

c. avoid stress, eapecially during critical 
periods 

5. improved ground working to avoid cutting and 
wounding of roote 

6. avoid frost, insect and disease damages 

in the final analysis there is the siaple balancing 
of the equation: 

Mass ♦ energy produced by the plant during the 
season is equal to or greater than 

Mass + energy found in the crop and vegetative 
growth 

in .ore detail, all factors contributing towards 
maxi.izing plant health (especially during the onset 
of wilt infection, or in general, stress periods) 
will .ini.Ue verticilliua wilt. The successful 
resistance response is a rate-dependent response. 
That is, the faster reactions taXe place to produce 
co.pounds needed to wall off the pathogen, the .ore 
chance there is for a successful resistance response. 
Several ratifications contained in Opti.al Rate of 
Metabolic Reaction can be i.plied fro. the following 
reaction velocity equation: 
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v - velocity of r acti n 
Kp - catalytic rat c n.tant 
Km - Michaeli. Constant (cone ntrati n f 

■ubstrate at which half-maximal valocity 
Is reached) 
[S] • substrata concentration 
[EJ " enzyme concentration 



CE3 



(i ♦ la ) 



That is, all factors contributing towards increasing 
photosynthetic(s), enzyme concentration [E] and 
enzyme activity (Kp) maximiz. the resistance 

response. 

As a practical demonstration of the principles stated 
above, the sugar levels in roots of olive trees in an 
olive orchard were measured as follows: X-3 mm 
diameter roots were removed fro- the north side of 
the trees, all samples being taken at a 1 to 2 foot 
depth. They were washed in tap water and were 
submitted to a laboratory for analysis of sugars, the 
most significant of which was .altose, which is the 
immediate hydrolysis product of starch. Maltose is 
then converted in the root, to glucose which is 
transported to the upper part, of the tree. The 
trees thus sampled included healthy heavy cropped 
(i.e. having a heavy crop of olive, indicated in the 
following table a. HHC), healthy noncropped (HNC) 
tree, who.e root, were afflicted with v.rticillium 
wilt* <*V>, tree, whose limb, were afflicted with 
olive knot (DOX) , w aX heavy cr pped (WHC) and weak 
noncropped (HHC) . Th root, w re analyzed by high 



performance liquid chromatography (HPLC) . Maltose 
analyses wer as follows: 

HNC 
HNC 
DV 
DOK 
WHC 
WNC 

Percentages are based on dry weight. 

The high concentrations, of saltose in the roots of 
the diseased and weak trees indicated that an 
excessive demand was being placed on the starch 
reserves of the root systems. The low conc-titration 
of maltose in the roots of the healthy trees 
indicated a normal condition in which no excessive 
demand is placed on the starch reserves of the roots. 

Apparatus suitable for processing of pollen as 
described above in Example 5 is shown in Figures 1 to 
4, in which: 

Figure 1 is a diagrammatic top view of drying 
apparatus; 

Figure 2 is a fragmentary perspective view of one of 
the drying tubes of Figure 1 broken avay to reveal an 

interior slseve; 

Figure 3 is a diagrammatic view of a shaXe table used 
to separate pollen grains from anthers; and 

Figur 4 is a t p plan view f th« shake tabl of 
Figure 3. 
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Referring n« t Figure. 1 and 2 • "»* r f 
perforated cylinder. 10, f r x«pl. *» ""f »• 

ere provided which .r. .ult.bly .upported in 
horizontal position p.r.11.1 to on. another end «. 
rotated about their longitudinal axe. by • »tor 11. 
rubb.r dl.k. 12 baarln, ag.in.t th. tube, and 
.ultabl. conwctlng »..n. Indicate generally « " 
.o that th. tube, .re rotated at a .ultabl. .p..d. 
for .x.»pl. » to >0 rp». *n .Lctrlc fan «*J» t « 
14 blows h..ted air through . -anlfold IS and into 
th. .nds .•( th. tube. 10. Pr.f.r.bly th. air is 
..int.in.d in a .ultably d.hu.ldlfi.d condition and 
at a suitable t«p.r.ture, for .xa.pl. • wi.tur. 
cont.nt of iO to 40 r.l.ti». hu.ldity . 

t..p.r.tur. of U to 25 d.,r... C. For «..pl.. th. 

apparatus ».y b. op.r.t.d in a d.hu»idifi.d roo. and 

Z air is preferably treated .h..ieally. 

by contact with pot.s.iu. per.ang.nat. to .li.in.te 

potentially h.r.ful .ubstanee. such a. ^™ 

arctic, which ar. producd by organic 

a. th. anther, which are being treated, .uch Mt.ri.l 

being harmful to the poll.n. 

Referring new to Figure 2. on. of the «^««» 
including it. perforation. 10» i. .hown and 1. broken 
away to rev..l an Inner .ock or .1..™ M. «>. .«* 
1S 1. for..d by stitching four s.gw»t. of ..t.rial 
together and i. then turn- insld. ~t .o that the 
union. 17 project inwardly to act a. louv.r. to 
aait.t. and tobl* th. »nth.r. which ar. .hown at IB. 
Tie sock 1« 1. flx.d to th. interior .urf.c. of th. 
cylinder 10 by any .uitable .eans. 

The sock 1« »y be ..d. of 225 «•>• "Orion, although 
other ..t.rial. My b. u. d and th ...h .1. will 
vary according to th .pecle. f anther.. 
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The durati n f thi. drying vill vary from ca.e t 
ca.e, a 24-hour period b ing typical. The dried 
anth rs ara th n remov d fr a the cylinder. 10 and 
are placed on a .hake table 25 which i. ehovn in 
Figure 3. The drying proce.s may be carried out 
continuously rather than batchwi.e. 

Referring now to Figures 3 and 4, the .hake table 25 
comprises a tray 26 having a rim 27 and a perforated 
bottom 28 supported by flexible members 29 on a frame 
30. A funnel 31 is supported by the frame 30 beneath 
the tray 26 and at its lower and the funnel is fitted 
with a spout 32 over which a bag 33 may be slipped. 
A motor 34 is supported on the frame 30 and is 
connected by a reciprocating connector 35 to the tray 
26. The bottom 28 of the tray is perforated, being 
conveniently formed by wire mesh screen having a mesh 
size such as to pass the liberated pollen grains but 
to hold back the remnants of the anthers left after 
crushing them to release the pollen grains. A 
suitable mesh size for anthers of almonds is about 
170 mesh. 

The motor 34 is operated to shake the tray at a 
suitable oscillatory speed, for example 400 to 500 
cycles per minute. Meanwhile the anthers are gently 
rubbed by hand or by means of brushes, the pressure 
being sufficient to break open the anthers to 
liberate the pollen grain, but insufficient to damage 
the pollen grains. The shaking action cau.es the 
pollen grains to fall through the screen 28 a. thay 
are relea.ed from the anther., thereby limiting 
damage to the pollen grain, due to the rubbing 
action. 

The pollen may be process d and u.ed a. in Exa.pl 5 
immediately or it may be .tor d, f r example at 



0 d greea C, f r short periods f tie r at- 
85 degr s C for 1 ng periods f tia . 

Further processing of the pollen is preferably 
carried out as described in Exaaple 5. 

The following is a list of crops to which the 
invention is applicable. The compositions applied 
are listed under Product and are applicable to each 
of the crops under a particular heading. Rates are 
gallons per acre or quarts per acre except in the 
case of the seed coating, Sun Coat. 



a - Bright Sun 

b - Morning Sun 

c « Super Sun Pollen 

d - Asunder 

• - Sun Buret 

f - Sun Coat 

crop Product EfliC Appl i cation? 

CjerfiAl: 

Rice 

(Uryza sativa) 
(Zizania aquatica) 

Wheat „ m 

(Triticum aestivun) a 1-5 gpa 3-6 

Corn 

(Zea »ays) b 1-4 qt/a 2-4 

Barley 

(Hordeum vulgare) £ * . 

Oats (Avena sativa) 
Sorghum (Sorghua bieolor) 
Rye (secale cereale) 
Millet (various genera) 
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Le quaes 

Soyb an (Glycine aax) 
Paanut (Arachis hypogaaa) 
Baans (Phaseolus app.) 

Broad Baan 

(Vicia faba) » 1-* 9P* 

P *(P1bub sativua) b 1-4 qt/a 

Chickpea or Garbanzo t 
(Cicer Arietimm) 

Black Eyed Pea (Vigna sinensis) 

Lentil (Lens spp.) 

Pigeon Pea (Cajanus indicus) 

Guar (Cyanopsis 
tetragonoloba) 
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Fgr<iqe crops; 

Alfalfa (M dicago sativa) 
CI ova r 

(Trifoliua spp.) • 1-5 gpa 

Bird's Foot Trafoil b 1-4 qt/a 
(Lotus comiculatus) c 1-5 gr/a 

Vatch 

(Vicia spp.) t 

Svaet Clovar (Maliolotus spp.) 

Lespedeza , (Lespedexa spp.) 

Lupine (Lupinus spp.) 

Sorghum-Sudan (Sorghum spp.) 

Kentucky Bluegrass a 1-3 gpa 

(Poa pratensis) b 1-4 gt/a 

Bromegrass 

(Bromus spp.) * 

Timothy (Phleum pratense) 

Orchardgrass (Dactyl is glomerate) 

Fescue (Festuce spp.) 

Bermudagress (Cynodon spp.) 

Dallisgrass t Bahiagrass 
(Paspalums spp.) 

Ryegrass (Lolium spp.) 

Bentgrass (Agrostis spp.) 



10 



L-i. 
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gt; e« and Crops : 

Sugar Cane (Saccharua fficinarua) 
Artichoke (Cynara scolyaus) 

Asparagus (Asparagus officinalis) 
(note: repeated application 
in asparagus »ay allow aore 
Spring cuttings) 

Broccoli (Brassica oleracea) 

Brussels Sprouts 4 , 

(B. oleracea) » 1-5 gpa 4 7 

C T 9 oler«ces) b 1-4 qt/a 2-4 

Celery 

(Apium graveolens) x 

15 Chard (Beta vulgaris) 

Chinese Cabbage 

(Brassica campestrls) 

Collards (B. oleracea) 

Endive (Cichoriua endivia) 

20 Kohlrabi (B. oleracea) 

Lettuce (Lactuca sativa) 

Parsley 

(Petroselinum sativum) 

Rhubarb (Rheum rhaponticua) 

25 Spinach (Spinacia oleracea) 
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Root Crops; 

Potato (Solanus tuberosum) 

Cassave (Manihot esculenta) 

Sweet Potato (Ipomoea batatas) 

Beets (Beta vulgaris) 

Taro (Colocasia spp.) 

Carrot (Daucus carota) 

Horseradish ■ 1-5' 9P» 

(Rorippa, armoricia) 

Jerusalem artichoke . b 1-4 qt/a 

(Helianthus tuberosus) f 

.Onion (Allium cspa) 

Parsnip (Pastinaca sativa) 

Radish (Raphanus sativus) 

Rutabaga 

(Brassica napobrassica) 

Salsify 

(Tragopogon porrifolius) 

Turnip (Brassica rapa) 

Yaa (Diascorea spp.) 

Pruifc and ff fffl VA ? «tables; 

Tomato » l' 5 «P a 

(Ly "coper sicon esculentum) 

Eggplant 

(Solarium melongena) . . b 1-* g>/ ■ 

Curcurbits ' " 

(various Curcurbitacaa) 

OJcra (Hibiscus esculentus) 

Pepper (Capsicum «pp.) 
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TniX an<! f"* Crops; 

Citrus (Citrus spp.) 

Grape (Vitis vinifera) 

Banana (Hub a spp.) 
5 Apple (Malus spp.) 

Stone Fruits (Prunus spp.) 

Blueberry (Vacciniun spp.) 

Brambles (Rubus spp.) 

Cranberry (Vacciniua »acrocarpon) 
10 Currant (Ribes aativua) 

y p©ar (Pyrus communis) 

*D Avocado (Pcrsea aaericana) 

fU Cashew (Anacardiua occidental*) 



Ld Coconut ■_ ^ m - 0 

ry 15 (Coco* nucifera) a 4-15 gpa 3 9 

L. Data 

S (Phoenix dactylifera) b 1-4 qt/a 2-4 

Flj pig 

CO (Ficus carica) c 1-5 gr/a 1-4 

N= 20 Guava . , - 

(Psidiun guajava) d 4-15 gpa 12 

(Litchi chinensis) • 4-15 gpa 2-3 

25 "Minora W ., * »-~t dip aurin, 

Mango (Magnifera indica) 
Oliva (Olea europea) 
Papaya (Carica papaya) 
30 Pin appl (Ananas coaosus) 

Pom granat (Punica granatua) 



-93- 

Alnond (Prunus aaygdalua) 
Brazil Hut (Berthollttia excelea) 
Filberts (Corylus »pp.) 
Kacadaaia (Macadaais teraifolia) 
Pecan (Carya illinoensis) 
Pistachio (Pistacia vara) 
Walnuts (Juglans app«) 
Sunflower (Helianthus annus) 



pevaraae Crops: 

Coffee 

(Coffea arabica) 

Tea 

(Thea sinensis) 

Cacao 

(Theobroaa cacao) 



b 
f 



4-12 gpa 



1-4 qt/a 



3-9 



2-4 



as a root dip during 
planting 



Cola (Cola nitida) 
Hops (Hunmlus lupulus) 

pj l r Fat af * «»« Crops: 
Saf flower (Carthaaus »pp.) 
Coconut (Cocos nucifara) 
African Oilpala (Elaeis Cuineensis) 
Castor Bean (Ricinus coaauis) 



Rape 

(Brassica spp.) 

Sesaae 

(Sesaae indicua) 

Sunflower 

(H lianthus annus) 



1-5 gpa 
1-4 qt/a 



3-6 



2-4 



also a root dip n 
a 1 cted crops 
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Llnseed (linum usitatissimum) 



Tung 

(Al urites spp.) ^ 1-5 gpa 

Soybean (Glycine max) 
Camauba (Copemica cerifera) 
Candelilla (Euphorbia antisyphilitica) 
Jojoba (Simaondsia chinensis) 

S pices. P »rfu«as an? Flavorings; 

Black Pepper (Piper nigrum) 

Cinnamon (Cinnamomum zeylanicua) 

Clove (Eugenia caryophyllata) 

Vanilla (Vanilla planifolia) 

Mint (Mentha mpp.) 

Oregano (Origanum »pp.) 

Allspice (Pimenta officinalis) 

Anise (Pimpinella anisum) 

Angelica Oil 

(Angelica »pp.) » l" 5 9P* 

Mustard . 
(Brassica mpp.) * 1-4 «V* 

Sage 

(Salvia officinalis) f 
Ginger (Zingiber officinale) 
Rose Oil (Rosa spp.) 
Bergamot (Citrus aurantium bergamia) 
Camphor (Cinnamomum camphor a) 
Cananga (Canangium odoratum) 
Citron 11a Grass (Cymbopogon nardus) 
Eucalyptus (Eucalyptus citriod ra) 
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C raniua Oil (Perlarg niua spp.) 
Lavandula (Lavandula fficinalis) 
Roseaary (Rosaarinus officinalis) 
Thyme (Thymus spp.) 
Turpentine (Pinus spp.) 

m ^ w ».«i«. Fnrftt nn* Tiber Crops; 

Cotton (Gossypiua »pp.) 

Flax <<Linua usitatiasimua) 

Hemp (Canabia »ativa) 

Christmas Trees (various conifers) 

Ornamental Evergreens a 1-5 gpa 3-10 

Rose (Rosa W-) * X ~ A 2 " 4 

Chrysanthemum * " 1 

(Chrysanthemum spp.) 

Carnation (Diantbus spp.) 
(or as root dip) 

iris (iris spp.) 

Azalea and Rhododendron 
(Azalea spp.) 

Houseplants (various species) 

It will therefore be apparent that a novel 
composition of ~tter for and a novel method of 
treating a variety of plant, to improve such thing, 
as growth, crop yield, resistance to pest, and 
resistance to frost have been provided. 



